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EDITOR’S NOTICE. 


{ mucu regret the scanty proportions of this Number, due of 
course to the falling off in the number of articles contributed, and 
hope that my drawer may be soon replenished, that the full quantity 
of matter may be made up to Subseribers in the next Number. 

It would be a great pity if the Series came to an end, and I take 
this opportunity of calling on all old Subscribers and many new 
ones to step in to the rescue. 

At the request of Captain Wilberforce Clarke, R.E., I have to 
draw attention to the fact that the conclusion in his Article No. 
CCLAXIL., that the effect of brakes was greatest when the wheels 
were skidded, was the result of data furnished in the Report of the 
Royal Commissioners on Railway Accidents for 1877 ; but that now 
the more recent and exhaustive experiments, the results of which 
were recorded by Captain Galton, in a paper read before the Insti- 
tution of Mechanical Engineers at Paris in June last, of course 
outweigh the former ones, and it appears that the popular notion 
of. the retarding effect of brakes being greater when the wheels 
"are just on the point of being skidded, than wnen they are actually 
skidded is correct, he 
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As no Loose Copies of the Professional Papers are now 
kept in Stock, Subscribers wishing extra copies of any 
separate Articles in the present Number, should make early 
application to the SurgRinTENDENT oF THE Pruss, 80 as to 
reach him before the type is broken up. The price of 
Loose Copies is reduced to one anna per 8 pages, or part 
of 8 pages, and half an anna a Plate, up to a maximum of 
eight annas; but requisitions can only be complied with if 
received before the type is broken up. To facilitate this, 
the following list of Articles received for publication is 
issued. It will not, it should be remarked, bind the Editor 
to issue all Articles entered in case more interesting matter 
is received. 


The articles now in hand are— 

' J, The Improvement of Land in the Province of Mysore, and Irri- 
gation from Tanks. By Major A, F, Fraser, R.E. 

2. ‘Translation of Report of a Commission of the French Academy 
gf Science on a Memoir by M. Popoff, entitled new Researches on the 
expression of the conditions of motion of water in drain pipes. By 
Oaptain Allon Cunningham, R.E. | . 

8. Stoney’s Helical Excavator and Under-ontter. 


Subscribers wishing to be supplied 


with Covers for Volume No. VIL, are re- 


quested. to send notice at once with price, . 
a es Rs 0- 12-0. 
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CANNING COLLEGE, LUCKNOW. 
f Vide Platcs IL—IV.] 


By J. A. Wittmors, Esq., C.E., Brec. Engineer. 


Tue Canning College, so named in honour of the late Lord Canning, was 
bailt at the expenge of the Taluqdars of Oudh asa place of education 
for their sons and for the sons of other high class natives. 

The foundation stone was laid on the 13th November 1867, by Sir 
John Lawrence, the then Governor-General, the usual coins &c. were 
placed in the stone which is situated under the floor of the tower on the 
west side of front portico. The design first accepted in 1866 was subse- 
quently rejected and fresh designs invited ; the design ultimately accepted 
and carried out was prepared by Tika Ram, Head Draftsman in the office 
of the Engineer-in-Chief, Rajputana State Railway, and was published 
with the proposed Specification in No, 22 of Vol. V. of the Roorkee 
Professional Papers on Indian Engineering for October 1876. 

The architectural features of that design have been adhered to, but 
owing to the designer not having supplied detailed working drawings, 
and from other causes, very many alterations have been made in the con- 
struction, as the following short description of the finished building will 
show. 

The accommodation provided consists of an Examination Hall 95’ x 45’, 
(the original length having been reduced by 5 feet to allow of the east 
end wall being thickened to act as an efficient abutment to the elliptical 
portion of the arched roof,) a Library 514’ x 29’, and two rooms 24}' x 233’ 
for the Principal and office; on the east of the Examination Hall, 
there are two rooms 22) x 242 for Native Professors and Graduates, 
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and two rooms 23’ x 243’ one for Earopean Professors, the other for a 
class room; on the north side of the central corridor, there are seven class 
rooms, two 292' x 354’, one 29’ 1" x 354’, and four 25’ 53" x 852’: 
there are also two corner rooms 11’ x 11’, and two 18’ x 13’, and two 
small octagonal rooms in the front towers. 

Ground was first broken in October 1876, and the work entirely com- 
pleted in November 13878. 

The soil on which the building stands was found to consist of some 
two feet of rubbish, the remains of the former old buildings, and below 
that of sand; the foundations throughout the building are carried down 
to a depth of 8 feet, the lower 7 feet consists of concrete composed of 
65 parts of brick ballast, 21 parts of surkhi and 14 parts of kankar 
lime ; the lime for this and the whole of the work being burnt on the 
spot; the concrete after being thoroughly mixed on a platform was spread 
in 6 inch layers and rammed with ordinary iron rammers till quite hard. 
The upper one foot is of Ist class brickwork, this and the brickwork 
throughout the building, except in inner cross walls, where 2nd class bricks 
were used, is of 1st class bricks set in English bond, in mortar composed 
of equal parts of fresh kankar lime and surkhi. 

The plinth is 44 feet high, and inverts are given under the arches of 
the Examination Hall to equalize the pressure on the foundations; this 
provision was not made in the design, On the top of plinth a damp course 
of asphalte @-inch thick was laid. 

The superstructure, which with the exceptions hereafter mentioned, 1s 
entirely of brickwork, was carried up evenly throughout the whole build- 
ing and kept thoroughly wet until completed. 

The roofs of upper and lower verandahs and corridors are not made as 
in original design, but consist of segmental arches of 9 feet span and 24 
feet versine; the span of arch is made less than width of verandah hy 
bringing the arch forward on to the cornice, the arches are 9 inches thick, 
and the spandrels up to level of extrados are filled in with concrete com- 
‘posed as for foundations, the thrust of the arch is taken by wrought-iron 
bars each 8” x #” tied together at 8 feet intervals by bolts 1 inch diameter. 

The roofs of Library and all rooms, except Examination Hall and 
turrets, are of brick arches turned between girders, the arches are 44 inches 
thick at crown, and 9 incles at the haunches, the spandrels up to level of 
tops of girders are filled in with concrete composed as for foundations, 
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and the whole of the outer roofs are covered with a layer of terrace 
having a good slope outwards; the finished thickness of terrace averages 
4% inches, and is composed of 4 parts brick ballast and coarse surkhi and 
1 of fresh lime, these materials were thoroughly mixed and spread on 
the roof to the required thickness, then beaten till quite hard, a layer of 
fine mortar mixed with gur was then given, and the whole surface finished 
off by being well rubbed over with castor-oil. 

The girders fur these roofs are entirely of wrought-iron, and were made 
on the spot. For the Library and three largest class rooms they are 2 feet 
deep with webs }-inch thick and flanges of double 4” x 4’ x 3” L-irons ; 
for other rooms they are 2 feet deep with wels }-inch thick and flanges 
of double 38” x 3" x }” L-irons; for small porches they are 15 inches deep 
with 4-inch webs and flanges of double 2" x 2” x 4” L-irons; the girders 
are designed so that the load on them induces a strain on the flanges of 
less than 5 tong pet square inch of effective section; where necessary to 
withstand the thrust of end arches as in porches, &e., bars were built into 
the walls and secured to the nearest girder by iron bolts. The girders, 
bolts and all iron-work received two coats of paint before being fixed in 
position. 

The Library roof in original design was arched, and caused a very un- 
sightly projection in the line of front parapet. The alteration from a single 
arch, to arches between girders, while improving the appearance of the 
front elevation, necessitated some provision for lighting in place of the 
end circular lights ; this is given by a sky-light 21?’ x 6’ placed in the 
centre of the Library roof. To take the thrust of the roof arches at the 
ends of the space left for sky-light, strut girders are given between the 
four centre main girders with webs }-inch thick and flanges on one sido 
only of 4” x 4” x 3” L-iron, these are rivetted to main girders by L-irons 
34” x 34° x #%. Round the top of the rectangular space thus formed 
and bolted to the top flanges of girders is asill of sal wood 8” x 4” into 
which the uprights of sky-light are fixed ; the sides and ends of sky-light 
have glazed sashes working on pivots. The roof, which is curved, is cover- 
ed with l-inch planks tongued and grooved and painted with three coats of 
oil paint, and over this corrugated iron No. 18 BWG carried well ont over 
ends and sides. Tho inside of sky-light and wells formed by main and strut 
girders are painted a dead white, and a very good light has been secured. 

The roof of Examination Hall, which in original design is a segmental 
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arch with elliptical ribs, has been made elliptical throughout, the span 
of plain portion being 45 feet and of ribs 434 feet; these latter are dis- 
posed in pairs immediately over Corinthian pilasters. The east ond of 
roof which is elliptical in plan is domed to meet the straight portion. The 
whole of the arching springs at a height of 314 feet above floor level, and 
has a versine of 15 feet. The thickness of plain portions of roof is 144 
inches at crown, increased to 224 inches at haunches; where the ribs occur 
these dimensions are increased by 9 inches. 

The arch was bnilt on a Hindustani centre supported by pillars of brick- 
in-mud placed about 8 feet apart, the exterior of centre was worked rough- 
ly to shape and finished with lime mortar, the true shape being obtained 
by use of templets made for the purpose; the arch was built in lengths 
of 15 feet, so that each joint comes between a pair of ribs. The whole roof 
was built and keyed in 15 days, being completed on the 23rd Juno 1878; 
there was some little delay in getting the backing up to the required height, 
and the centering was not wholly struck until the lst August. Levels taken 
at 10 feet intervals along the top of arch just after keying up and after 
centres were wholly struck, showed the maximum settlement to be 0:1 foot 
and minimum 0-05 foot, the mean being 14-inch. In the straight portion 
of the roof the thrust is taken by 4” x 4” x 8” L-irons placed 6 feet 
above springing and connected by tie-rods 1#-inch diameter placed 74 
feet apart. The spandrels are filled with concrete as for foundations, and a 
8 inch layer of terrace is given over the whole. 

The floors throughout the building are of Mirzapore stone slabs 
2’ x 2' x 2” set in 2inches of lime mortar over brick rubbish carefully 
rammed. 

The central rectangular and corner turrets have Mirzapore stone pil- 
lars and lintels, the arches between the pillars are cut in 4-inch stones 
which are let 2 inches into both pillars and lintels; the joints are set in 
fine lime mortar, and the lintel stones are held firmly together by iron 
cramps run in with sulphur; the pillar bases and caps are secured by 
vertical iron dowels also run in with sulphur. The roofs and work above 
lintels is entirely of Ist class brickwork, in rectangular turret the roof 
ig 8 semi-circular arch 14 inches thick, and the corner turrets are domed 
thrust bands of 4” x g” iron being built in at a height of 24 feet above 
springing ; round these corner turrets there are projecting baloonies 
supported on stone brackets 2 inches thick, these brackets project 4 feet 
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and are built 2 feet into the wall; there is no weight on the portion built 
in except the stone flagging, so to prevent any chance of tilting an iron 
rod $-inch diameter was passed through them all at the centre of their 
depth, and at a distance of 14 feet in from the face of the wall, this 
rod is embedded in brickwork which comes up flush with the tops of the 
brackets. 

The two small turrets in front and the four minarets are entirely in 
1st class brick work. * 

The steps are of brickwork with treads of Mirzapore stone 2 inches thick. 

The projecting windows in front corner towers are carried by brick 
corbels, and a capping sill of stone 6 inches thick cut to the shape of the 
window on the outside and carried through so as to be flush with inside 
face of wall. 

The whole building inside and out, except the interior of Examination 
Fall, is plastered with a thin coat of sand plaster, composed of 1 part 
stone lime, 1 part kankar lime, and 2 parts clean Goomtee sand, ground 
together in a mortar-mil! and laid on in the usual manner; all mouldings 
and ornamental work were executed in brickwork as closely as possible to 
the finished shape so as to reduce the thickness of plaster to a minimum. 

The exterior of the building and interior of end and back verandahs 
and porches are left of the natural colour of the plaster, the ornamental 
work having a ground of pale neutral tint; the class and other rooms 
except Examination Hall, are coloured light blue, the roofs and cornices 
being white; the central corridor, lower front verandah and both upper 
verandahs are entirely white, so as to throw as much light as possible 
into the Examination Hall, which receives its light through them. 

The Examination Hall is plastered throughout with white plaster 
polished to imitate marble, the rough coat is composed of equal parts of 
surkhi and fresh kankar lime, this is covered with a thin coat composed 
of white lime and powdered Jubbulpore soap-stone worked in and rubbed 
up to a fine polish. 

The upper verandahs are reached by two spiral stair-cases formed in 
the east end wall of Examination Hall; they are 9 feet diameter with a 
newal 14 feet diameter, giving a clear width of step of 3 feet 9 inches, 
centre width of tread is 1 foot 24 inches, and rise 8 inches; the steps and 
rises are of Mirzapore stone, the former 4 inches thick with a moulded 
nosing, the latter 2 inches ; the south stair-case is continued up to the roof 
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of Examination Hall, its outlet being covered by an arched roof which 
is carried up spirally from a point 14 feet below roof level, the stair-case 
door opens on to the roof behind tho turret on the east side of front por- 
tico, which hides it from the front, while it is hidden from the east by 
the parapet which at this point is 44 feet high. 

The doors and windows throughout the building are of teak, fixed in 
teak chowkuts, these latter arc not built into the walls, but fitted accurate- 
ly@o the openings in the brickwgrk and secured by scraws to dove-tailed 
bricks of sal wood, which were after being soaked in tar built into the 
walls; in addition to the glazed or panel doors, all outer doorweys are 
fitted with teak venetians. 

The arches in room over front porch, and also the front doors of upper 
front verandah, are fitted with ornamental cast-iron railings with teak top 
and bottom rails. 

Ventilation is provided in Examination Hall by holes left at the soffit 
of the arch between each pair of ribs; it is provided in a similar manner 
for the long verandahs and corridors, and in rooms by openings in the ends 
of roof arches, which are carried up the end walls; all openings are cover- 
ed by suitable caps to prevent the entrance of rain. 

Polished brass finials are given to turrets, minarets and the projecting 
windows of corner towers. 

From the foregoing description it will be seen that the main altcration 
made from the designer's specification is, that there is now no woodwork 
in the whole building except the doors, chowkuts, and library sky-light, 
and these in no way affect the stability of the building, the durability of 
which is only limited by the life of the iron and bricks used; these were 
of the best kinds procurable, and every care was taken and everything that 
suggested itself during the construction of the work done to ensure the 
greatest strength and durability. 


The general effect of the exterior is very poor. The style, as the designer 
stated, isin harmony with the surrounding buildings of the Kaiser Bagh, 
but these Ferguson long ago condemned in the strongest terms as 
“ gorrupt and degraded,” and apart from the design the building is situa- 
ted almost immediately in front of the Tomb of Nawab Saadut Ali 
Khan and close to that of his Begum Moorshed Zadi, and these two lofty 
buildings, the platforms of which are higher than the floor of the College, 
in such close proximity to it, have the effect of dwarfing its dimensions aud 
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rendering it insignificant; this was foreseen, but unfortunately the founda- 
tion stone had been laid and the Taluqdars objected to any other site. 
The total cost of the building was Rs. 1,73,299, or Rs. 5 per square 
idot of plinth area, the details of the cost are given in the abstract attached. 
The building was formally opened on the 15th November 1878, by Sir. 
George Couper, Bart., Lieut.-Governor of the N.-W. Provinces and Chief 
/ommissioner of Oudh, having been almost exactly two years in construc- 
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No. CCLXXXVIITI. 


INDIAN RAILWAY TRAFFIC, 
No. 2. 


By Cot. J. G. Muotry, R.E., Consulting Engineer to Government 
for Guaranteed Railways, Lahore. 


In a paper on Indian Railway Traffie which I contributed to the Roorkee 
Professional Papers in the month of January 1876, I propounded vari- 
ous ideas on Indian Railway Traffic, some derived from my experience 
of American lines, others simply from general considerations such as 
naturally presented themselves to an outsider unconnected with Railway 
management, 

Since that period, I have had nearly two years’ experience of the 
practical working of the Indian Railway system, and it may be useful 
to record how far I have had to modify my ideas, or have succeeded in 
carrying them into practice, and what additional information on the 
subject I have derived from practical experience. 

I. The first point to which I drew attention in the above paper was 
the importance of low passenger fares on Indian lines, and as further 
experience has fully confirmed this view, I cannot do better than sum- 
marize the reasons which have led me to this conclusion in the case of 
the 3rd class traffic, which forms more than {%,ths of the whole. Those 
reasons are briefly as follows :— 

1. Because the value of money in India is at least six times as great 
as in Icngland; or, what is the same thing, the people are six 
times as poor, so that the present rates, though low as com- 
pared with English standards, are in reality very high for India. 

2. Because the numbers of people that still travel by road on foot 
are a strong proof of this. 
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8. Beeanse passengers can be carried more cheaply than goods, and 
even at one pie per mile would pay better.* 

4. Because as trams now run half empty, double the number of pas- 
songers conld be carried for the same cost. But if the rates 
were halved, the increase in numbers would be very much greater 
than double, and a large profit would accrue on this increase. 

5. Because the number carried per mile on the Punjab Northern State 
Railway being more than double the number carried on the Hast 
{ndian Railway, the fares being nearly as 1: 2, is a strong 
proof of this, especially when the population of the two provinces 
is compared, 

6. Because the experience of other lines, both Indian and English, is 
conclusive in favour of very low fares. 

7. Tecause the cost of hanlage to the Railway is no concern of the 
passenger. If the passenger cannot be carried cheaply, ho will 
not travel at all. If the Railway cannot carry below a certain 
rate at a profit, it should look for its total profit to the extra 
numbers carried, and not to increased rates. 

With regard to Ist and 2nd class fares, I may bere quote an extract 

from a note on this subject written last year :— 

“ { ain certainly of opinion that the 1st class fares at present charged 
are too high in proportion to the 2ud class. The difference is so great 
that I know it practically drives a great many into the 2nd class (such 
as Officers in the Army) who would otherwise travel Ist. 


* Puli Loads—at lowest rates. 


Tons. 
Tare weight of ord class cnrriage, ac Se eae ace Sie 6°49 
Fifty passengers, at 16 to the ton, eee nes wee avs eos $12 
9 GY 
Re A P, 
Receipts for one mile, at 1 pie, és ove oF ev iss 0 € 3 
Tons. 
Tare waght of a puods wagons ius bes _ Soe oe 6 
Weight GL loud, wee oes rr) orery ane asp bad 
14 
; RS, aA. Ty 
Rteccipts for one mile, xt 54 pies per ton, orn sits iss ies 0 3 & 
Loads attunaily carrtcd—at present rates, n 
ons. 
Weight and load of 3rd cluss carriage as actually carried, ove ben 7°78 
RB. A. P. 
Actual receipts for one mile, ove oar sin ue sig 043 
Tonu. 
Waight of goods wagon and load actually carried, sue ee isa 9-08 
The. A, Pr. 
Aotaal receipts for one mile, se ova aes oes dys v2 8 
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“The present Ist class rate is double that charged on the Punjab 
Northern State Railway. I do not say it is per se too high a charge, the 
rate (24d. a mile) being about that charged on English Railways, while 
the value of money is only about one-half (to the European) what it is 
in England; that is, an Englishman out here ordinarily expends a rupee 
where he would expend a shilling in England. On the other hand, the 
average distances travelled are certainly more than double, I should say 
quite four times as long; and, if so, this would show that the State 
Railway rate is about fair. 

“Ido not think the 2nd class rate can be raised; there is a large 
and increasing ‘2nd class’ European population in this country, with 
whom the value of money is practically about what it is in England, i. e., 
with whom eight aunas represent a shilling, and who certainly cannot 
afford to pay more than the present rate (1id). Indeed with the longer 
average distance to be travelled, I am decidedly of opinion that a further 
reduction would lead to a considerable increase of tratfic with this class. 

‘Taking everything into considcration, I think the difference be- 
tween the Istand 2nd class rates should be from 33 (for long distances) 
to 50 per cent. (for short distances) (instead of 100 per cent. all round 
as it now is), and, that the 2ud class rates should be reduced from nine 
pies to six pics per mile. This would make the Ist class rate eight to 
nine pies per mile. 

“For the present at any rate, and as a step in the right direction, 
I would reduce the Ist class fares 50 per cent. (¢.¢., from 18 to 12 pies), 
leaving the 2nd class unaltered.” 

These views have been so far accepted and acted upon by the Agent 
Scinde, Punjab and Delhi Railway, that the 1st class fares have now 
been reduced from 18 to 12 pies per mile—the 2nd class from 9 to 8 
pies per mile—the 3rd class from 24 to 2} pies per mile. 

The Ist and 2nd class reductions have only just come into force, and 
the results remain to be seen. 

The slight reduction in the Srd class resulted in the first half-year 
(after eliminating one abnormal mouth) in an increase of 170,000 in num- 
bers, and of Rs. 24,000 in receipts, which is encouraging so far as it gues. 

But no very striking result van be expected until a much more consi- 
derable reduction is made. At present rates I am still of opinion that we 
hardly touch the roal 3rd class traffic of the country, which is too poor 
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to travel largely at much above a one pie rate.* With that low rate, 
we should, I am convinced, fill our carriages and double the number of 
our trains, and should still (as the calculation given in the note above 
shows) earn more profit than we do with our cheap goods. Of the immense 
educational advantages to the people at large by thus accustoming them 
to travel, I refrain from writing. 

I]. The second point to which I drew attention in my former paper 
was the want of facilities for the convenience of passengers, among which 
1 instanced as a principal one, the trouble of procuring the ticket. 

This inconvenience I may perhaps have overrated, as it is not a seri- 
ous one in the case of small stations, nor is it necessarily so at large stations, 
and even during rushes of traffic, with proper arrangements and organiza- 
tion. At Lahore, there are now three ticket windows opening into the 
3rd class waiting halls; and in addition to these, 12 portable ticket 
boxes have been constructed which can be used ontside the station, or at 
fairs, or wherever there are crowds waiting to take tickets. The difficulty 
is to persuade the ordinary Station Master to make full use of the extra 
conveniences provided. He has been so long accustomed to the sight of 
a pushing and straggling crowd, delayed for an hour at a single window, 
that he cannot understand the necessity of a more convenient arrange- 
ment. 

There is, however, a wider principle involved in the simplification I 
before proposed in the matter of tickets, than the mere convenience to 
the passenger. 

The widest application of that principle will be reached when all Rail- 
ways (like roads) are the property of the State (4. ¢., the public), and 
Jocomotion on them is perfectly free, the cost of construction, working and 
carrisget being met from the general revenues of the country. The 
same principle is now being recognized in the case of the Postal and 
Telegraph services of a country, which, it is now admitted, should not be 
expected to produce revenue, but that all surplus profits should be re- 
turned to the public in the shape of increased facilities or lower rates. 


* The Passenger receipts on the Punjab Northern State Railway, 103 miles long (Lahore to Jhe- 
lum), for the half-year ending 3th June, 1877 were Re. 64 per mile per week with a 3rd class fare 
of lf pie. On the most profitable section of the Sginde, Punjab and Delhi Raiiway, 116 miles long 
(Lahore to Ludbiana), they were only Rs. 60, the 3rd class fare being 24 pies. The popniation of 
the towns on the latter section being double that on the former. 

+ Of course I do not forget that on common roads the traveller finds or paya for hia own carriage, 
this difference (from the case of a Railway) does not, however, affect the prinripie involved, 
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No doubt the time has not yet arrived for acting on such a broad prin- 
ciple as this, but it is I believe sound, and should gradually be worked up 
to. An intermediate stage is clearly reached when the traveller is at any 
rate carried at actwal cost, and as the cost per head diminishes as the num- 
ber increases, it is evident that the rate might in time be almost nominal. . 

One step towards this is to simplify all arrangements connected with 
travel, both as tending to facilitate traffic and to lessen working expenses. 
And as, in the case of the Post Office, the same charge is made for carry- 
ing a letter 10 as 100 miles, so there should be greater simplification of 
the Railway ticket system, so as to give additional inducements for tra- 
velling the longer distances, increased numbers being booked to re-coup 
the difference. A passenger who only travels 10 miles on a Railway 
is evidently a much less profitable customer than one who travels 100 
miles, if only because he costs just as much to book. A little consideration 
will show in fact that the mileage rate should be reduced according to the 
increased distance travelled. This is, in fact, the same principle that is 
pursued by a tradesman who gives a larger discount in the case of a larger 
purchase, simply because the large purchaser is more profitable to him 
than the smaller. 

I would, therefore, invite attention to the subject of a much greater 
simplification and re-arrangement of passenger fares, so as to give ad- 
ditional inducements to the more profitable customers of a line. 

III. Another inconvenience to which my former paper directed at- 
tention was the present cumbrous and vexatious system of booking and 
weighing luggage. I have hitherto endeavoured in vain to persuade the 
Railway authorities to try a simpler and less complicated system. I 
hope, however, shortly to be able to make the experiment on one of the 
State lines by the courtesy of the Director; and for the benefit of those 
willing to try a new system elsowhere, I subjoin the rules I have pro- 
posed for the line in question. 


New Rules for Passenger’s Luggage, Punjab Northern State Railway. 

On and after the  —s_—Sss—(€s—=Ss~Ssithe following Rules regarding 
Passenger’s Luggage will come into force for all local bookings on the 
above Railway. 

The object is to do away with the present inconvenient and vexatious 
syatem of booking and weighing, and it is hoped that passengers will 
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assist the Railway officials in the present attempt to introduce 4 simpler 
and more convenient arrangement. 

1. All free luggage will be abolished, excepting such small articles ag 
the passenger takes into tho carriage with him, for the safety of which he 


ia responsible. 
2. All booking and weighing will be abolished, luggage being haere 


for by the prece. 

8. A single piece of luggage will be an ordinary portmanteau, box or 
other article which can be carried by an ordinary coolie. 

4, HIHeavy boxes or other pieces requiring two mon to carry theim will 
be charged as double pieces. 

5. Any packages requiring more than two men to carry them must be 
weighed and booked as heretofore. [The public will therefore sce the ad- 
vantage of travelling with packages of reasonable size, or sending heavy 
pieces by Goods’ Train. | 

6. The Railway officials will be liberal in estimating pieces as single or 
double. In case of dispute, however, the decision of the Luggage Clerk 
must be accepted at the time, but the passenger can, if he pleases, insist 
on his luggage being weighed at the end of the journcy, when the piece 
will be taken to be one maund. 

7. On each picce of luggage as above, a printed label or ticket will be 
affixed by the Luggage Clerk; each label will bear a separate number and 
will have the names of the stations from and to which the piece is to be 
carried, and the charge for such carriage, printed thereon. 

8. A duplicate of this label or ticket will be handed to the passenger 
who will receive his luggage on arrival at its destination, on giving up his 
duplicates to the Guard of the train. 

9. Ifthe duplicates aro lost, the luggage will only be given upon a proper 
description being furnished, and a certificate of indemnity being signed. 

10. Two, three or more small articles may be strapped or fastened to- 
gether so as to constitute one piece; butif one ticket only is taken for the 
lot, the Railway is only responsible for the article on which the ticket is 
affixed, and it will rest with the passenger to see that the articles are 
securely fastened together. 

11. All single pieces of Juggage carried between Lahore and Wuzeer- 
abad, or between Wuzeerabad and Jhelum, or between Goojranwalla and 
Goojerat, will be charged for at the same, or a single, rate. 
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12. All pieces carried beyond these limits will be charged at a double 
rate. 

18. The following coloured tickets will therefore be used :— 

Single pieces carried single distances, %.¢., be- 

my tween Lahoreand Wuzccrabad, or Wuzeerabad 
and Jhelum, or Goojranwalla and Goojerat, White, 4 as. 
Double pieces ditto ditto, ... ... Yellow, 8 as. 

Single pieces carried double distances, ¢. ¢., be- 

tween Lahore and Jhelum, or Lahore and 
Goojerat, ... pas ais ais .. Blue, 8 as. 
Double ditto ditto, ss. des «w. Red, 1Re. 

*,* By using two single tickets for a double piece, the number of kinds 
of tickets may be reduced from 4 to 2. 

If found inconvenient in practice, the distinction between single and 
double picces may be done away with, all pieces up to the maximum weight 
or size being treated as single. 

IV. Another improvement obviously required to facilitate Goods’ 
Traffic I pointed out to he the establishment of Booking Offices, in all 
towns within reach of the line, where goods can be received or delivered 
as at the Railway Station. This has been done to a small extent on 
the Scinde, Punjab and Delhi Railway, the carling to and from the line 
being done by contract at a small additional charge. The system should, 
however, be greatly extended, so as to include at least every important 
town within 50 miles of the line, especially if connected with it by a 
metalled road. 

V. Another point noticed in my former paper was the superior con- 
venience of the American form of carriage over the present designs for 
Srd class carriages nuw in use. After considerable correspondence and 
discussion, an improved pattern carriage has been constructed in the 
Lahore shops, with end doors and platfurms, ond a central passage 2 feet 
wide, the passengers being seated two and two on each sido. This car- 
riage has the following advantages over those ordinarily in use :— 

ist. It is the only pattern which admits of a urinal being provided, 
accessible to every passenger and yet offensive to none. 

Qnd. Itis perfectly ventilated from end to end. 

3rd. It enables the passengers to move about freely and even to stand 
outside. 
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4th. It enables a brake to bo fitted and worked on either or both 
platforma, if required. 

Sth. In a train of such carriages, it enables the Guard to pass freely 
from end to end of the train, to give information or help, check tickets 
or prevent disorder. * 

As it only holds 38 passengers, instead of 50, for the same length of 
frame and at the same cost, it is of course more expensive; but as the 
present carriages do not, on the average, run more than half full, this is 
of less consequence, while the increased comfort and convenience to the 
passenger is, it is submitted, well worth the additional cost. 

The new carriage has been specially adapted as a Troop or Ambulance 
carriage, the whole of the scats being made removable, and additional 


side doors being provided to admit doolies when required. 


So far I have confined myself to the points already enumcrated in my 
former paper. As regards other points, to which expericnce has forcibly 
directed my attention, I may mention :— 

VI. The immense importance of the Local traffic of a line as compared 
with the through traffic—to exemplify this, I give an extract from a Note 
on the above subject as regards the Scinde, Punjab and Delhi Railway. 

“‘T have obtained from the Auditor the figures below, showing the 
local passenger traffic during the half-year ending 30th June 1877, on 
the different sections of the line. 


Se mintaanail 




















Namber of | Number per 
Sections. Passengers | mile in thu 
Srd Class. half-year. 
Lahore and Amritsar, 32 miles, eee re ee 263,207 | 8,225 
Amritsar and Ludhiana, 84 miles, as ove eee 156,880 1,867 
Ludhiana and Umbulla, 66 miles, duc “as ies 100,241 1,519 
Umballa and Saharanpur, 55 miles, «+. se ‘aie 117,871 2,143 
Saharanpur and Meerut, 71 miles, er eve aes 82,878 1,167 
Meerut and Delhi, 40 miles, ... wud ‘a's sa 103,770 2,544 
Lahore and Montgomery, sey es aus dey 
Montgomery and Mooltan, .. see sae abe 155,338 709 
Mooltan aud Sher Shah, vas wus vas ve 


tgnammetmaamm am tmesatan tt ited daeneneien amc er petals at ona vas mE 








-“ 


Total 567 miles, vee | 978,135 1,725 








biryani LAER ae ee 





‘The number of passengers booked from and to Foreign lines during 


the same period was 22,713. 
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“As the fofal nomber. of passengers carried on the line during the 
half-year was 1,260,611, it follows that 1,137,898, or 98 per cent., were 
due to local traffic, of which 978,135, as above shown, were carried be- 
tween the differant. seotions as above, the remainder being carried from one 
section to another. | 

“ Nothing can show ina more striking manner the importance of the 
local, as compared with the through, passenger traffic, which is farther 
confirmed by the fact of the average distance travelled by a 3rd class pas- 
senger being about 50 miles.” 

VIL. One obviously desirable measure in conseruence of these facta is 
the establishment of numerous Stations at short, distances apart, so as to 
pick up travellers at their own doors. In a populous country like the 
North-Western Provinces, I think the average distance between stations 
should not exceed 5 miles. 16 new stations have been thus established 
on this line within the last 18 months, with great advantage to the traffic 
and of course increased convenience to the public. 

VIII. Another obvious deduction from the magnitude of the local 
traffic and the comparatively short distance travelled by the average pas- 
sengor is the establishment of convenient morning and evening [cal Trains 
between all large towns on the line, giving the country people the oppor- 
tunity of attending fairs, markets and courts, and returning to their homes | 
the same day. 

This improvement has also been carried out to a considerable extent on 
the Punjab and Delhi Railway, the line from Lahore to Delhi (850 miles 
long) being broken up into six sections, of which four are thus conveniently 
served. These short passenger trains are combined with Goods’ trains, 
and so far promise fairly ; cheaper fares are however required to develope 
them thoroughly, and day or season tickets; also greater punctuality of 
running, 

IX. To facilitate the development of the lucrative passenger traffic, 
due attention to the comfort of passengers is now recognized as desirable. 
Convenient Waiting Sheds for 3rd class passengers have now been provided 

‘at most stations, and are highly appreciated, in spite of the re-iterated 
assurances that natives preferred to wait outside under trees (which were 
never planted), especially on a cold, rainy, winter night! 

Tho barbarous custom is, however, still in force of locking up carri- 
egos, and so preventing free egreas at stations to comply with natural 
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wanta, which the present faulty design of carriages renders necessary. 
In this as in other instances, the idea is still prevalent that all Railway 
passengers should be treated as rogues or children, and the fact appears 
to be ignored that if the general business of life were conducted on such 
principles, it would soon come to a stand still altogether. 
X, <A very necessary improvement is now being carried out to facili- 
tate Goods’ traffic, and that is the provision of proper shelter over the 
Goods platforms. The small brick buildings first erected have been found 
totally inadequate for the purpose, and it is lamentable to see the utter 
want of protection from the weather in the case of the large quantity of 
eporishable goods.brought to the stations. As the Railway gave no receipt 
for these until deposited in the wagons, the line suffered no direct loss, 
and so nothing was done; it appears to have been overlooked how great 
was the indirect loss owing to the injury done to trade, and that a Railway, 
like a shop, must suffer with its customers. Large open corrugated iron 
sheds are now being erected at all stations, enough to shelter goods for 
two or three days. These will doubtless be followed by the erection of 
warehouses, at the expense of private parties or companies, and nothing 
will so much tend to steady the violent fluctuations of traffic. 
XI. This line, like all others in India, has suffered for some time from 
a want of sufficient Rolling Stock for its goods traffic, and at the present 
moment of writing thousands of rupees are thus daily lost to the Railway. 
in consequence. It may, in this as in other matters, be pointed out that no 
policy is so short-sighted and foolish as to make a railway and then to 
grudge the necessary means and appliances for making it pay. A 
railway is necessarily a very expensive thing both to construct and to 
work, Ifeconomy is the first thing to be considered, don’t make it at all, 
but ones having made it, it ig not economy, but reckless extravagance, to 
starve it. Everything that can possibly tend to facilitate traffic, both in 
goods and passengers, shonld be freely and even lavishly provided, and it is 
only by working on such broad principles that a fair return can be hoped for. 
Establishment must not be gradged, tha Managers of the line and heads 
of Departments should be freely trusted and liberally dealt with; but in 
return they should be dound to show good results, and it should he clearly 
explained to them that their own prospects, as well aa reputation, will be 
identified with the success of the line. 


SE pap tA: 
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"tt is to be borne in mind that the principles of Indian Railway man- 
sgement have been left to determine themselves in a very hap-bazard sort 
of way. Such important questions as the proper fares and rates to be 
charged, the trne principles of classification of goods, the interchange of 
rolling stock, the proportions of dead to paying freight, the relative cost of 
high and low speeds, the comparative value of goods and passenger traffic, 
of through and local traffic, and numerous other questions of equal 
importance, on the right solution of which the financial success of every 
Railway is largely dependent, may all he said to be open questions, which 
have hitherto beon determined simply by “rule of thumb.” Of the 
Railway officials who have been brought out ‘rom Enghand to work the 
lines, many no doubt have been able men; but it is no discredit to the 
Indian majority to say that they were scarcely fitted to investigate ques- 
tions like the above, while many of them were only fit for working on in the 
groove to which they had always been habituated, and were incapable, 
from want of education, of applying ticir English experience to a totally 
different country and people. 

Hence it has doubtless arisen that suggestions in the way of change 
and improvement have generally come from Government, and have, as a 
rule, been only carried into effect after considerable opposition on the part 
of the Railways, which are rather disposed tu reseut the interference of 
“non-practical”” men. 

The Guaranteed Railway system by which the Government is as deeply 
concerned in the prosperity of a line as the Shareholders, naturally gives 
great weight to all recommendations coming from the Government offi- 
cers, but still such recommendations can only take the form of advice or 
suggestion. It remains for the Railway, as a rule, to take the initiative 
in all questions of improvement. 

In justice it must be admitted, however, that even where tha Govern- 
ment have had a clear field before them, as in the case of the State Rail- 
ways, whera they were not embarrassed by any “double Government,” 
the policy pursued has not been so far in advance of the Guaranteed 
Companies as could be desired. Rates and fares have certainly been 
lowered, the classification of goods has been simplified, and less money 
has been wasted. Bat on some of the State lines, the worst faults of 
the older lines have been perpetuated. The stations have been designed 
without shelter for passengers or goods, the carriages have been copied 

19 


12 INDIAN RAILWAY TRAFFIC. 


from the old faulty patterns, and there has been a serious deficiency at 
rolling stock, and a general inability to appreciate and provide for the 
inevitable expansion of traffic. 

These notes may perhaps be useful in directing aiention to a few im- 
portant points, but still more. to the necessity of discussing all such 
points on broad, general principles, by which alone safe rules for future 
guidance can be arrived at. Without this, what is called “ practical ex- 
perience” is perpetually apt to degenerate into a mere following out of 
routine, and to obstruct, instead of assisting, improvement. 

The proposed Railway Conferenee ought to be most valuable in helping 
to settle on true-principles some at any rate of those questions which I 
have indicated as open ones—they are however so numerous and “ large” 
that little more than a beginning can be made in one Conference. Bunt 
much will be done if the example can be set of looking to principle as 
well as practice in determining doubtful points—above all, if it is clearly 
kept in view that the true interests of the Railways, the Government and, 
the public are really identical and not conflicting. If this is borne in 
niind, it will be felt that the discussion of all questions affecting this joint 
interest should be treated in an elevated manner, and should be as far 
as possible removed from the tone of a parish vestry. 


J. G. M. 


Lamorr, 
January 10th, 1879, } 
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EXPERIMENTS MADE AT NARORA, LOWER GANGES 
CANAL, ON THE STRENGTH OF DIFFERENT THICK. 
NESS OF MORTAR JOINTS. 

[ Vide Plate.] 


By Lisvur. E. W. Creswert, R.E. 


Dirrgrent thickness of mortar joints to be tested were +1,”, 4”, 3", }’, ?’. 
A level site close to the weir sluices was selected (as the blocks of brickwork 
were afterwards to be put into the talus of that work), and five rows of 
brickwork bars built, 15' x 24’ x 23’, each row containing ten bars, and 
were numbered A to E. 

Mortar joints in row A were all ,.”, in row B 2”, and so on, in order 
mentioned above, row E being }". ’ 

The foundations for these bars were made one foot deep, see plan. The 
centre 10 foot portion of the foundations being of bricks laid in mud, the 
end 2 feet 6 inch portions of bricks laid in mortar, a thin layer of mud was 
spread over the whole surface of top of foundation, so that there might 
be no adhesion whatever between the superstructure and the foundations. 

The bricks were sand-moulded kiln burnt, were carefully gauged and 
sorted, so that each bar might be built with the required joint and still 
the total dimensions of bar as directed be attained. 

The mortar used was two parts steam ground coal burnt kankar lime 
to one part sand, mixed with water in a country bullock ‘ chakki.’ 

The joints in every direction were carefully kept of the required thick- 
ness, and English bond employed. 

The bars were all completed in August 1877. 

In May and June 1878 the brickwork of the central 10 feet portion of 
the foundation was removed, and the bars were now simply supported at 
both enda by the 2 feet 6 inch pillars. | 

In order to break the bara, two stone slabs 2' 6” x 6” x 6" were placed 
one foot apart on top of the brickwork (as shown in Figs. 1 and 3) and 
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equidistant from the centre of the bar. Across these 24 feet rails were 
laid, and over these other rails, till the load caused the bar to break 
ACrOss. 

The line of rupture varied, but was always somewhere between the slabs 
of stone, and generally as line shown in Fig. 3. 

It will be observed that the average breaking weight reguired was 
greatest in the row C, or of bars with 4” joint, this average diminishes 
slightly for the 4”, and was less again for the ,," joint. 

The thick joints 4” and 2” gave very poor results, average breaking 
weight being about Zrd of that for the }” joint. 

The bar that gave the highest result was No. 4 B of the }” joint. 

The general result appears to be that 3” joint makes the strongest 
work, and should be employed in preference to the finer joints. 

Table II. gives the values of the modulus of rupture per syuare inch 
of section for 

(i) Average breaking weight of each row. 
(ii) 5 ” strongest bar __,, 
(iii) 3 5 weakest " 

In all these cases the beam being supported at both ends and loaded 
with an even number of equal loads symmetrically placed on each side of 
the centre (as half the breaking weight may be considered as applied at 
the centre of each stone slab). 

Neglecting weight of beam 

(i) M = Moment of flexure = 2 Wa, 
W = weight of cach load 
= 4 breaking weight. 
d = distance from point of support to application of load 


== 4:25 feet. 
- > bd? 
Gi) Ma Be 
—_ 80”, 
d = 30". 
aes . - 2a x 6 20X%425KX12%6 
(iii) From (i) and (ii) f, = mies et ea 


= ‘0118 (2W). 
Substituting for 2W the weights as given in Table I, values f, are 
found. 
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If the weight of the beam be taken into account, the modulus of rupture 
due to weight of beam, should be added. As all the bars were simi- 
lar, this modulus will be a constant quantity. 

wea WE W = weight of bar, 
— 8 L, = length of bar. 
A cubic foot of this brickwork weighing 122-7 tbs. 
W, = 122-7 x 10 x 24 XK 24 
L = 10 
. _. 122-7 X10 K% 24 K 24 x 10 
oo Mise BET RIO RM KMD 


— Joba? 
M = 22 


_. 1227 K 10 % 24 x 24 X10 X12 X6 











“So 30 30 X30 
z= 25:56 tbs. per square inch. 
Tacs I. 
w fe jew jw | 
Wumbers. Re ee ne pee pe a ee ee ere mae i Remarks. 
A | B 0 | D | E 


16,533 ‘aia 8,223 


17,296 | 10,194 | 9,410 . 
15,287 | 13,666 | 13,079 
20,056 | 12,872 | 10,672 
17,457 | 10,409 | 10,659 
16,086 } 15,800 | 12,366 
20,770 | 13,350 | 10,180 
18,955 | 11,150 | 12,348 
19,692 | 8,707 | 11,665 
19,729 | 8,985 | 11,625 
1,81,861 |1,17,016 |1,10,227 
18,186+1 |11,701-6 [11,0227 


1 | 14,793 | 16,526 
2 12,375 | 16,538 
3 18,951 | 13,828 
4 18,460 | 22,391 
5 16,555 | 19,466 
6 14,837 | 20,790 
7 14,064 | 16,034 
8 14,560 | 14,832 
9 16,807 | 15,298 
10 14,615 | 19,701 


(Sera SEED 


Total, .. {1,085,017 |1,74,899 


CRRA 


Average, eo 115,501-7 17,489-9 
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Tasie II. 
ibs. per square in.; values of 7, in Equation (iii). 
ve | | y | i v 
ene eee eee ge ag vee ta Remarks, 
A | B | c | D | z 
Maximum,e. 215° 254. 235- 179. 148. 
Minimum,.. 140. 151. 182. 93. 93. 
Average, o- 176. 198. 206+ 133- 125: 
Taste [I]. 
SARC AES PRN ICE ESE SES SG NOTE NREL RL ELDEST EEA EA LEDER I ESSE LL ELESLEN DANEEL LLL ELE REGED DEEDS CELE LINDELL ENN EH EASES PORE TIT TE NSEC 
vr 4° | a | +” | a" 
een Remarks. 
A | B | re) | D | E 
Maximum, ee 240 279 261 205 174 


Minimum, ». 167 177 208 119 119 


mneEneenes | HTomerrntmarmmcmmenmes | aangemes Cereeeminmee- | UROIEERETAanemED ¢ crmmeRNIRIEE REECE 


Average, o- 201 223 232 158 160 
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ESSAY ON THE THEORY OF RUNNING WATER. 


By J. Boussinusag, Panis, 1877. 
Hieport on the above by a Commission of the French Academy of Science. 
Translated by Cart. Autax Conninenam, R.E., Hony. Fell. of King’s 
Coll. Lundon, 


Translator’s preface, The original Edition of this important work was published 
in 1872: the present (2nd) Edition was published, with considerable additions, in 
1877, Ax it contains a consistent rational Theory of the flow of water, probably 
the best yet developed, and has stood the test of criticism for some years, it has been 
thought that the Report of the Commissionérs of the French Academy of Science on 
the original edition (1872) containing a commentary on the whole work, might still 
be presented with advantage in an English translation to the large body of Engineers 
interested in Hydraulic Science. 

1. An early exposition of the subject of this great work was the aim 
of a Paper read before the Academy on the 15th April, 1872, with the 
title :——“' On the influenceof centrifugal forces on the flow of water in 
prismatic channels of great breadth.” The equations of varying steady 
motion of water in stream-lines, supposed originally sensibly straight, 
were therein established on a rational basis investigated in recent Notes ; 
the author next calculated the effects of the centrifugal forees in those 
places where the fluid surface, and therefore also the stream-lines them- 
selves presented a decided vertical curvature. He applied the Results 
to the study of waves and of other circumstances accompanying the 
passage from uniform to variable motion, and vice versd: this Jed him 
to a primary classification of water-courses into Rivers and Torrents of 
two kinds. 

The new Edition comprises the cases of both pipes and canals; it 
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embraces fluid sections of various shapes, chiefly rectangles of great 
breadth, either constant or slowly varying, and circles or half circles, the 
latter being considered to present the second of the pair of in a certain 
sense, extreme cases between which all other figures of cross-section may 
beinterpolated—at any rate for the computation of certgin “ coefficients "— 
by a gort of approximation quite sufficient for practical calculations, 
The author here treats the cases in which the bed of the channel has 
e sensible curvature, or is even wavy lengthways, like the water surface. 

Considerations are then proposed which make the results of the appli- 
cation of Borda’s Theorem on loss of vts viva, and of the expression for 
an “afflux” (ressaut) of water agree better with facts. Lastly, he treats 
at some length of non-permanent motion such as occurs in rivers in 
time of flood, and in the part of their course affected by tides; and by 
integratiny these equations for slight degrees of non-permanence, he 
discovers laws which agree with experiment on the propayation of waves 
and swells on the surface, due regard being paid to the slopes, friction, 
and curvature which could have any effect on this propagation. 

2. The problems of such variable motion as most commonly occurs 
in rnnping water are in fact those which Lydraulicians should now-a-days 
attempt. The empirical formule which have been coustructed to express 
the relation between the quantity discharged, the cross-section, and the 
slope; or, which amounts to the same thing, between the rato of discharge, 
and the mean friction of the water on the envelope within which it flows 
are applicable only to uniform motion. For the case of unsteady 
motion, in which the relations between the velocities at any one spot have 
different values, it 1s absolutely necessary to gonsider in detail the ve- 
locities of the individual streain-lines; and, as a necessary consequence, 
the intensity of their wutual latcral action, styled internal fluid friction, 
must also be found. 

Lhe question of calculation of this fluid friction between stream-lines 
or -layers has long boen,——as we have elsewhere had to say,—a real enigma, 
the solution of which was being ill, and therefore vainly, sought. The 
molecular motion was supposed to be continuous and regular, aud it was 
hoped that the intensity of the mutual friction of the stream-lines de- 
pended only on their relative velocity, although numerous facts were 
tending to show that it depended algo on the absolute dimensions of the 
cross-section; and—which is still more remarkable—on the absolute velo- 
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sities. The author of the memoir now under review has been able to 
reconcile all this, and has given expressions for fluid friction-intensity, 
which agree with various experiments, by drawing a distinction between 
motion quite regular, continuous and simple, such as must take place in 
flowing through very fine smooth tubes, and motion which is whirling and 
tumultuous, such as is inevitably produced (as already shown by him in 
1868) in spaces of a certain transverse extension, spaces in which con- 
tinuous and regular variation is observable only in the /ocal mean velocities 
(vitesses moyennes locales) which—neglecting rotation and oscillation— 
determine at each spot the trans/ution of the molecules or the flow of the 
fluid. In these spaces, considering the abrupt changes in magnitude of 
the real velocities from point to point, the mutual friction between the 
fluid layers is of a kind qnite different to that in capillary spaces. Its 
coefficient, vic., that by which the difference between the local velocities 
of translation of successive stream-lines must be multiplied to obtain its 
intensity, is churmously greater than in tubes of less than a millimétre in 
diameter, in which the late Poiseuille made his experiments. Instead of 
being cunstant it depends at cach spot, as Mr, Boussinesq has explained, 
on the intensity of the whirling action, aud on the considerable loss or 
change of vis efva which it invulves. It may vary from one to one hun- 
dred times or more, according to the transverse dimensions of the space 
in which the whirls have the chance of being formed, according to the 
velocity against the margins where they arise, and even according to the 
shape of the contour of the section and the distances from that contour, 
in starting out from which the whirls tend sometimes to converge, some- 
times to diverge in their propagation into other parts of the same space. 

3. After a preamble containing a succinct résameé of his memoir, the 
author shows first (§ i, ii,) that the equations of motion of hydrodynamics 
may be used for those velocities just styled “ loca] mean velocities,” about 
which the real molecular velocities oscillate with a sort of periodicity at 
each point; and that to obtain the iutornal actions, also “local mean,”’ 
which are developed at these puints, the six formula of the components of 
the forces both normal and tangential of Poisson, Cauchy, and Navier, 
may be formed between their differentials ; provided that the coefficient 
of internal friction (¢), which therein multiplies the velocities of transla- 
tion, as well as the differences between those of expansion by pairs be 
considered variable from point to point. 


~ 
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Then (§ iii) making some plausible and well reasoned hypotheses as to the 
intensity of the whirling action about which various facts agree in furnish- 
ing evidence, he assumes for this coefficient « expressions, whereof one for 
the case of very wide rectangular channels or pipes is proportional both te 
the full depth, and to the bed-velocity, and the other for the case of cireu- 
Jar or half-circular sections is proportional to the radius, to the marginal 
velocity, and also to the ratio of the radius to the distance of each point 
from the centre to which point the whirls tend as it were to become more 
intense before their final destruction (a8 Leonardo da Vinci puts it) or 
resolution into heat-vibrations. 

These hypotheses are justified by the case first of the equation of 
motion which is uniform, or in wholly parallel stream-lines; for there 
result fur the individual velocities at difterent distances from the free 
surface in the first case, and from the centre in the second case, laws re- 
presented by parabolw of the second and third degrees respectively : which, 
as well as other results of the investigation, agree with the hydrometric 
experiments of Darcy, Bazin, Boileau, &c., properly discussed. 

It is indeed from this, and from the mean resulis of experiments on 
discharge of streams, that Mr. Boussinesy deduces the approximate or 
mean values °0006386 and -0U08094 to be assigned to two particular 
quantities ; one, (A) entering into his two formule for internal friction, 
the other (B) by which he multiplies the square of the velocity wu against 
the sides of the channel, to obtain at each point thereof the frictional 
retardation which they exert per square unit divided by the weight of a 
cubic unit of the fluid. These two quantities vary besides with tho de~ 
gree of rugosity of the soil, and also—cspecially the second—slightly 
with the mean radius of the cross section, as well as with wu, itself. 

4. Farnished with the expressions so formed of the two kinds of fric- 
tion, the author is enabled to enter on the investigation of an equation 
for the problem of variable steady motion. 

It is known that a solution of this important problem was proposed in 
1828 by Bélanger and Poncelet, who—for a stream contained in a pris- 
matic channel—introduced into the equation of motion a term expresa- 
ing the inertia brought into play by the change of mean velocity from 
section to section. Vauthier in 1836 rendered this solution applicable 
to a channel of any shape; and in the same year Coriolis modified it, 
remmarking that in the terms which arises from the inertia or from the 
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change of magnitnde of the vis viva of the fluid sections, we onght, in 
consequence of the inequality of the velocities of these different stream- 
lines, to apply to the square of the mean velocity a coefficient styled a, 
a little greater than 1, which measures the mean ratio of the cubes of the 
individual velocities to the cube of that mean. 

Almost every one since then formed the equation in Coriolis’ mode by 
the principle of wis viva, viz., by assuming either explicitly or implicitly 
that the frictions, both internal and external, have in each section the 
same intensity which they would have in uniform motion for the same 
sections, and the same mean velocity through each, so that the suin total 
of their work can be found by multiplying the single friction along the 
sides—~as given by the empirical formula for the case of uniform mo- 
tion—by the space traversed in conse uence of this mean velocity. 

Mr. Boussinesq has shown since 1870-71 that this hypothesis as to the 
work of the frictions is inexact in two ways. Also he does not employ the 
theorem of vis viva, the use of which it scems should in this case be given 
up; for there is nothing to show 4 priori in non-uniform motion what 
the work of the internal forces should be. 

He makes use of the theorem of ‘quantity of motion’, or—which 
amounts to the same thing—he states in the manner of Innler the three 
equations of dynanie equilibriam—in one longitudinal sensibly horizontal 
direction, and in two directions at right angles, whereof one is sensibly 
vertical,—of a rectangular fluid clement, under the action of its weight, of 
its inertia, of the normal pressures on it, and lastly of the friction or 
tangential forces applied to its faces. 

He confines himself to considering graduully varied motion, styling 
thus that motion whose non-uniformity depends on quantities, the squares 
and products of which are supposed negligible in the investigation : such 
is, among theso quantities, the inclinatiun of the fluid surface to the bed 
over which it flows, 

5. By considering at first only those parts of the current in which the 
curvature of the stream-lines is insensible, so that the centrifugal forces 
may be omitted, there results for the pressure from two of the differential 
equations its simple hydrostatic value. Substituting into the first of the 
three, and integrating all the terms from the surface to the bed or sides, 
there remains no other friction but that which they exert agamst the 
stream-lines flowing along their surfaces. The inertia which depends on 
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the longitudinal acceleration is expressed by the sum of three differential 
terms which the author reduces to a single one by means of the equation 
of continuity or of conservation of volumes, by coupling it with the as- 
sumption—here sufficiently approximate—that the small inclination of the 
stream-lines is uniformly-varying from the surface or from its central line 
to the bed or borders. : 

He arrives thus at an equation of motion which has some analogy 
with that farnished by the theorem of e’s viva; but there are two cssen- 
tial poiuts of difference. 

One consists in this that the term arising from the inertia is equal to 
the differential coefficient of the height due to the mean velocity with res- 
pect to the longitudinal abscissm, multiphed—not by Coriolis’ coefficient 
a, but—by another quantity, the excess of which above unity is only about 
a third as great, and which is the mean ratio of the sgueres of the indi- 
vidual velocities to the mean velocity throngh a similar section instead of 
being that of the cubes of the same velocities. 

The other difference arises from the frictional retardation at the bed 
or at the sides. This friction depends on the velocities of the stream- 
lines adjacent thereto: now the ratios of these to the mean velocity are 
different in variable motion to the ratios in uniform motion. In order 
then to obtain the true value of the friction in question, or of the surface- 
slope necessary fur its -being overcome, it becomes necessary to add to the 
term expressing the valne assigued to itin miform motion for alike mean 
velocity anuther term depending on the deyree of convergence or diver- 
gence of the strcam-lines, As the quantity by which this degree is mea- 
sured is supposed very small, so that, as has just been guid, ils square may 
be neglected, it appears that this term, ¢.e., the additional slope in ques- 
tion, becomes the differential of the height due to the mean velocity multi- 
plied by a numerical coefficient which varies slightly with the shape of 
the fluid section of the watcr-course under consideration. 

Calling this second coefficient €, and the first 1 + n, (vz., that which 
fn the expression of inertia arises from the inequality of the velocities 
through each section), the surfuce-slope I, which may also be denoted 
by 3 wiz., the differential covfficient of the ordinate Z of the fluid sur- 
face abuve a fixed horizontal plane with respect to the longitudinal 
abscissa 8, lastly the density o, gravity g, and the mean intensity of fric- 
tion F, per square unit of the bed and sides round the section whose 
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abscissa is s, viz., the same as that intensity would be in a uniform motion 
with same mean velocity U, same cross-sectional area w, and same wetted 
border x; the new equation now under consideration 1s 


@ tat tat OF(5) 

6. To calculate these a caeineients 1 + yand Bw veh are to multi- 
ply the s-differential coefficient of the height due to the mean velocity 
U of the fluid, the individual velocities of which it is the mean inust be 
known for each section. The determination of any one of these velocities 
depends on a differential equation of the second order, whose second mem- 
ber contains the square of the unknown quantity involved in an integral 
multiplied by the small quantity which is the measure of the degree of 
variability of the mution. 

7. Itcannot be exactly integrated, but the anthor solves it by an ingen- 
ious process of successive approximations, It consists in replacing this 
second member at first by zero, ¢. ¢, by provisionally suppressing the terms 
dne to the non-uniformity : and obtaining then by an easy donble integra- 
tion of its terms throughout the whole fluid scetion a first approximation 
giving in uniform motion the particular velocity sought: and substituting 
then this expression, which is a binomial of second degrec in the second 
member restored. 

The integrations of the terms, after this substitution, are as easy as when 
this member Is wanting, and there results thence for the velocity at any 
depth an expression of the sixth or ninth degree according as the section 
is rectangular and wide, or circular; and this expression leads to the second 
approximation to what is sought. Now this is sufficient in the problem 
in hand; for if an expression for the third approximation be formed (which 
would be just as easy) by the same process, it would differ from that given 
by the second only by terms affected by those squares and products of very 
small quantities which have been neglected throughout the whole course 
of the investigation. 

The numerical coeflicient 1 + 1 and € may easily. be found from this. 
It is seen that they are functions of the sole ratio B.A of the two quan- 
tities A, B which enter (Art. 3) respectively into the expressions assigned 
to the internal or mutual friction between stream-lines, and to the external 
or border friction. 

For rectangular sections of much greater breadth than width, there 
results 
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A y' gig BUL+EBLA 


ltn=ltas (Qype a5 A A? (i+ %¢B-+ A) 


and for circular or semicircular ae 


BA 2 B?o144,BA 
a } _ ea A oa TT. we 
l+neleds(yrea), 8} aE Sap 


or respectively, adopting B— A = 1:2674, given as has been said by the 
mean of results of experiments on uniform motion, 
1 + 7» = 1:0176, & = :0675, 
and 1 + » = 1:0283, 6 = -1097. 
Hence there results 


Pe ere { 11580 in semicircular channels. 

The arithmetic mean of these two numbers is 1:11. It is nearly the 
value which many Engineers adopt in practice for the coefficient a of 
Coriolis multiplying like 1 -- » + 6 the differential of U* — 2g in the 
Kyuation of motion. This apparent agreement ought not to give rise to 
the idea that the new mode of establishing what relates to permanent 
motion amounts in the least degree to the other, which we have explained 
to be vitiated by two errors. 

Coriolis, who with assumed data as to the distribation of the velocities 
of the stream-lines, raised the valne of a up to 1:18 and even to 147 
would have obtained only 1°0515 had he determined as above what that 
distribution would be in a rectangular bed presenting like most natural 
water-courses a width much greater than its depth: so that the agree- 
ment of the results has in fact no more real existence than the agreement 


10851 in wide rectangular channels, 


in principles. 
Mr. Goussinesq remarks also that pretty approximately 
6 = 38h x 

for both of the extreme figures of section, and that this ratio 3°85 of € to 
yn obtaing very closely cven when the namerical value of B ~ A is very 
sensibly varied. This peculiarity gives the means of approximately 
deducing 6 from y, which is easier to calculate for sections of all figures, 
because it depends to the degree of approximation proposed only on the 
distribution of velocities in the case of uniform motion. 

Farther, as the differential of the height due to the mean-velocity is 
small in the motion which we have styled gradually varied, small errors in 
the values of the coefficients 7 and € have little effect, and it is permit- 
ted, without fear of sensibly altering the resulis, to introduce into the 
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calculations of the ratio B — A on which they depend, the use of a for- 
mula, which like that of Tadini ee I = 0004 U® represents only a mean 


of the results of a great number of observations on water-courses of all 
sizes with earthen sides. 

This use is no way prevents the use of more exact empirical formula, 
such as those of M. Bazin, to assign the value of the principal term of 


the ecuation of motion, viz., the portion = of the surface-slope, 
which would be due to the total friction against the border for the like 
mean-velocity in uniform motion, 

It is seen also, and this is not one of the least useful consequences of 
the analytical investigation which Mr. Boussinesq has undertaken, that 
there is no need of taking the trouble, as has sometimes been done, of 
effecting the integration by curvilinear co-ordinates or by other difficult 
methods of an equation in the velocities for sections of various shapes. 

It may be concluded that there would be thence deduced for the quantity 


by which to multiply a (=) numbers not deviating sensibly from those 


which have just® been given. 

7%. The author deduces (§§ xiii, xiv) from the equation so established, 
various general consequences. 

A constant supply from above, and a constant mode of drawing off or 
discharging from below, determine a permanent state, or even more gener- 
ally over long lengths a motion so graduajly varied asa to be defined by 
the equation just given: so that it suffices to be given for any point, to- 
gether with the discharge, either the depth of watcr if an open channel is 
in question, or the pressure if a yipe 18 in question, to deduce numerically 
all the rest by successive approximation. But these portions may, even 


* M. Bonsuinesq has shown further on (Art. 45 of his Memoir) that the following obtains for 
every figure of ecction ; 
G-ga—-2014%), 


tnatinto any, 6= 2 (5) 2-2 f"(G) =, 


w denoting the velocity across any element whatever do of the cross-section 9, i{rongh the whole 


‘ da 
extent of which the two integrals are taken: aud the mean U being J a This agrees sensibly 


with. = 3°85 9) inasmuch as @ = 1 + 2°925 9 more approximately thanl +87, It ia seen that 
the complete cofiicient 1 + 9 -+- 6 which enters into the new Equation of permanent motion exrceds 
one almost § tlmeg more than Coriolis’ cucfficient @ for the same distribution of (be individual 
velocitics across each sootion, 
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with a bed and borders of straight longitudinal section, be separated by 
shorter portions, in which the flow follows other laws little known or even 
unknown, for which however an approximate allowance may be made by 
use of two principles, viz., for pipes that of the loss of ws viva of Borda, 
and for canals that of the formula of “ afflux” (ressant) of Bolanger: 
for they give a relation either between the pressures or between the depths 
of water above and below these portions. The author introduces an im- 
provement into these two principles by taking account immediately below 
as well as above of the inequalities of velocity of the different stream- 
lines, and especially of that part of the friction against the border which 
arises, as has been said, from the fact of the motion being variable. 

He arrives thus at results agrecing very satisfactorily with experiment, 
for he obtains for instance the true coefficient ‘82 of the discharge given by 
cylindric adjutages, whilst Borda's principle as commonly applied gives -85. 

Next (§ xv, xvi), he considers the particular case of a channel whose 
bed is prismatic, or is at least such that the water cun flow in it with a 
nearly uniform motion, Uniformity tends to become established therein ; 
but without altogether exceptional arrangements at the head and exif, 
thero are always two reaches in the upper and lower portions of more or 
less great extent, in which a uniform state cannot take place. There is 
then in general a portion of the current in which unifurm motion becomes 
established, and another in which it becomes destroyed. This destruction 
at the lower end, takes placo with or without ‘“afflux ” (ressaut), accord- 
ing as the velocity of uniform motion is greater or leas than that which 
would be required by a body falling freely from a height equal to the 
mean half-depth corresponding to the same condition, this height being 
divided by the coefficient somewhat greater than one, above styled 
Ll+nt+6. 

If it be admitted, as the author remarks, that the mean friction per square 
unit of the bed has for its measure in uniform motion, the product of 
the square of the mean-velocity by a constant quantity, the distinguish- 
ing character of the two cases becomes the value of the slope in one case 
less than, and in the other greater than, the quotient of that number by 
the density of the water and by the same coefficient 1+4+ 6. This 
makes with the mean data above 
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for the slope which separates the two species of water-courae, to which 
it was proposed by one of us in 1851 and in 1870 to assign the two 
names River and Torrent, as their relative properties are well in accord with 
the ideas commonly attached to these two expressions. 

8, After a digression (§ xvii) upon the effects produced in the end by 
the action of the waters on the surface of the earth, to which they give the 
form of a surface marked with undulations, as well as on the real charac- 
ter of ridge and vallcy lines which separatc them, and after having 
(§§ xviii, xix, xx) established the equation of motion, including the effect 
of curvature and centrifugal forces, Mr. Boussinesq returns (§ xxi), 
having introduced this last element, to the circumstances which precede 
tho establishment and the destruction of uniform motion; and he proves 
the necessity of distinguishing an intermediate class of water-course, 
which he has termed Yorrents of moderate slope. He finds that it is ne- 
cessary to lower the upper limit of slope for Rivers about -0003, (or to 
reduce it to 0033 on the average), if it be proposed that the down-stream 
conditions of destruction of uniform motion, should be calculable without 
taking into account the curvature of the fluid surface. 

Tn similar water-courses of the first class (vz., Rivers), uniform motion 
becomes established up-stream, or whore the state changes in the passage 
downwards from a variable to a uniform motion with a surface swell, and 
therefore with sensible curvatures, which must be taken into account. 

. In Torrents of steep slope, the mean lower limit of which mast then be 
raised to (0039, uniform motion becomes on the contrary gradually es- 
tablished without sensible curvature intervening; and it is destroyed 
down-stream rapidly, or as above explained, with an “ afflux” (ressaut). 

Lastly, in the intermediate kind of water-course, the bed-slope of which 
would be included between the limits of -0038 and °0089, the effect of 
the curvature of the stream-lines is not negligible either at the spot 
where the state is established, or at that where it is destroyed to give 
way to variable motion down-stream ; so that these Torrents of moderate 
slope partake of the two other kinds of water-course under the relations 
in question. 

9, The author arrives (§§ xviii, xix) at the complete equation just men- 
tioned by taking count of the curvatures, and preserving in the investi- 
gation the dynamic portion of the pressures due to the transverse 
components of the accelerations or to the deviating forces of inertia. 
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They are expressed by three differential terms, which he sutceeds in 
reducing to a single one by means of the equation of continuity, when the 
channel is supposed to be of constant width. | 

The calculation of these forces, and its result in particular, would be 
of excessive complexity, if carried out with strict regard to the difference 
of velocity of different stream-lines. So the author confines himself to 
indicating the steps; and as the terms due to the centrifugal forces are, 
after all, very small compared with the rest under the conditions supposed 
to be fulfilled, he replaces in the reduction of the now terms all these 
velocities by their mean U. 

He finds by two approximations obtained as above that, if ¢ denote the 


bed-slope of the channel, 4 the depth of the water, and therefore bd 


as 
li 
the curvature of the bed, S = < — pa : =, that uf the surface, it is suffi- 


cient, in consequence of the equation of conservation of volume 2D = 


U 
29 


const., to subtract from the term (1 + 7 + &) S- —-) of the equation 


(Art. 5) of motion in straight lines the expression 
rT? a =) 2 tay 
Gert) ae GS(E) +158] 
to obtain re equation of motion in curved lines. 

This equation, hike that proper to rectilinear motion, enables the nn- 
merical determination by successive approximation of the succession 
of surface-slopes which a given discharge will cause in a current, by aver- 
aging a few more initial data, 

10. But it yields also several general results. Jn factif it be assumed 
first (§ xx) that the bed hus no curvature, or that there is none except at 


the water surface, it reduces to a differential equation of third order in h 
and s which becomes lincar and integrable when, instead of the variable 


depth A of the water, the ratio @ = a by which that depth exceeds 


the depth H corresponding to a uniform motion with same discharge is 

taken for the unknown quantity, and when that ratio is supposed not vory 

great, The integration gives Mr. Boussinesq, in the discussion of its 

results,-a large number of curious properties relating to the places where 

‘aniform motion begins or ends. The integral is the sum of three expo- 

nentialy multiplied by arbitrary constants, sometimes finite, sometimes zero, 
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with exponents, whereof one is always real, and the other two sometimes 
teal, sometimes imaginary. The periodic form which results from the 
occurrence of imaginaries shows that in those parts of Rivers or moderate 
Torrents where uniform motion begins, the fluid surface is affected by a 
train of transverse waves all of the same size lengthways of the current, 
with heights @ H rapidly decreasing, and soon effaced in proceeding 
down-stream or towards a longitudinal rectilinear asymptote about which 
the wavy surface vibrates. The exponentials have real exponents, and 
there,is no undulation at the spot where uniform motion begins in the 
case of the torrents classed above as rapid, and algo at all the places where 
this state is destroyed quietly in the case of Rivers, and with “ afflux”’ 
(ressaut) in the case of Torrents. 

But the “ afilux” (ressaut) in the case of moderate or not very rapid 
Torrents does not take place quite abruptly. In fact in the differential 
equation relating to them, and in which the proportionate elevation @ is 
involved in the third order, it is necessary, in order to obtain its value 
beyond a certain magnitude, to preserve the most important of the terms 
which prevent the equation from being linear. It is then to be solved 
by a process of successive approximation: this process gives an expres- 
sion which by its form facilitates the study one by one of the various 
parts of the longitudinal section of the ‘ afflux ” (ressant). 

These portions which merge into one another are alternately concave 
and convex. The author succeeds by other artifices of approximation in 
calculating the ordinates of the summits and hollows of these waves 
which riso by steps to the level of the top of the “ afflux ” (ressant). 

The experiments of Mr, Bazin lend a remarkable confirmation to this 
theory. The numerous cases of “ afflux” (ressaut) which this engineer 
has experimented on are some Jong and some short. The former are 
produced in moderately swift Torrents, and are always furrowed by trans- 
verse waves as if the upheaval of the water was as it were hesitating and 
ill assured. The latter, produced solely in water-courses of high slope, 
are the only cases in which the water surface rises without oscillation all at 
once, and as if vigorously pushed by the following water, although thero 
is sometimes even in this case, but after the swell and not below it—as 
certain number of transverse waves. 

11. Reintroducing the curvature of the bed, two interesting articles are 
devoted to studying the effect which it may have, especially when it is 
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alternating or in two opposite directions, on the fluid surface, the mean 
depths being a little above or below those of uniform motion with same 
discharge and same general or mean slope of bed. The integration is 
especially casy when the curvature of the bed presents undulations all of 
same length supposed sensibly greater than the depth of water. And if 
they be also of same height, the result shows that the surface will itself 
present regular undulations generally iz advance of those of the bed, but 
synchronous in one remarkable case. 

Of all water-courses, Torrents of moderate slope are those whose syrface 
repeats to the fullest extent regular undulations in the bed. Rapid Tor- 
rents come next, and those which have the highest slope diminish their 
vertical height, &c. 

12. The third and last part of Mr. Boussinesq’s memoirs (§ xxvi, at 
the end) treats of non-permanent motion supposed always slowly varying. 
Dupuit was the first to seck the equations thereof; one of the two which 
he has laid down, that which expresses continuity or conservation of 
volume of the fluid sections is exact, but applicable only to a rectangular 
canal, with velocitics supposed all equal through any one section. He was 
mistaken in the other, and one of us has established in different terms 
this principal equation into which the slope, the inertia, and the friction 
over the bed enter. 

Mr. Boussinesq, after having verified it for the case proposed in the 
same way as the extension, which had been given to the former for all 
figures of section and all distributions of velocity, has succeeded in estab- 
lishing the principal equation, taking account also of the inequality of 
velocity of the different stream-lines, and even afterwards of their curva- 
ture, by making use of the same formula for internal and extcrnal friction, 
as well as of the same method of successive approximation which he had 
used in the case of steady motion. 

This equation, together with that of continuity, expressed with the above 
notation, except for a numerical coefficient, viz., 

6" = xis (sFSrea) == ‘00149 on the* average, 
are for the case of @ rectangular channel, noting that X > w == A, and 


neglecting the curvature in the first instance, 
Uv? } +27 dU an U adh 


Ts d 
1, or = ptt (lta+ 6) 5 > eae de 9 wh de? 


* The nie: that this coefficient is sensibly the same as % i 6 =23n ~~ (a » 3), 
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He transforms the former of these two equations by help of the second 
and introducing the slope of the bed 


ae | + 
at the same time that he assigns to a friction over the bed F’, of the 
case of uniform motion a value pqoU?, where 0 is a coefficient supposed 
as above only slightly variable, he draws thence further on various con- 
sequences. 

When - bed and surface have curvature of sensible magnitude, de- 


d . 


fel) 
noted by eae Fda 7a * it is necessary in calculating their small 


effect in the samc way as above, as if all the velocities were equal to the 
mean U, to add to the second member of the former equation the term 


"2 1 ) 3 i} ay 
SG LaGe + bane te diz) — FF] 

But the ie remarks further on ({xxxvi) that there are circum- 
stances, for instance in the investigation of the propagation of waves in a 
direction contrary to the motion of the water ina channel, in which the 
inequality of the velocities may affect the magnitude of the centrifugal 
forces; and he gives the results of long investigations from which there 
arise terms Involving the second differentials of h, besides those which 
involve the third differentials. 

13. Without ontering into the numerous carefully worked out details 
which this delicate and difficult part of his memoir contains, we may men- 
tion succinctly the application which he makes of the equations of non- 
permanent motion to the investigation of the propagation of waves and 
swells in sloping channels, in which the water is animated with a perma- 
nent motion approximating to a uniform state. 

He finds for the small elevation A’ of the water above its primitive sur- 
face 

hi = F(s — 0, t) + PB, (s — &," 2), 
F,, F, being two arbitrary functions, and the two w, being given by 4 
formula with a double sign approximating to 
= (1 +199) U, tA ~2) pl + UY, 
wherein U, is the primitive mean velocity of the water, H is its depth, 
and lastly » is the small number whose average value is 0174 defined 
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above (Art. 5), and whose presence in this formula measures the influence 
of the inequality of velocity of the stream-linos across each section. 

This expression for w, gives in absolute terms the velocity with which 
a wave is propagated in the channel according as it advances up or down 
stream. It would reduce, without the inequalities in velocity of the 
stream-lines to the expression U, + »/gif of Lagrange and of J. Seott 
Russell, which suffices in many cases, but not when treating of waves 
passing up a current of small velocity ; and Mr. Bazin has noticed in fact 
that the expression a/yii — U, givea then too high values. 

Mr. Boussinesy finds also that waves of small height may pass up the 
channel of a Liver but not up that a Torrent: and this too agrees with 
Mr. Baziu’s experiments. 

14, After some considerations on the reflexion of waves, producing 
composite effects, which are represented by the sum of the two arbitrary 
functions I*,, F, above, Mr. Boussinesq passes on (§ xxix) to the closer 
approximation resniting from taking curvature into account. 

To this end, in the equation wherein are involved the small height #' of 
the wave or swell and the small increase of horizontal velocity which results 
from its formation, he renders linear the terms which are not so by sub- 
stituting therein for these two tnkuowns the values which had been found 
in the first approximation. The equation is then easily integrated by in- 
troducing therein as a new unkuown (as had been done in a former me- 
moir), the velocity or eelerity of propagation proper tu cach puint, an ap- 
parent velocity, which he deflues most neatly as the space throngh which 
a transverse vertical plane huving always the same volume of the heaving 
water tn froat of i advances ina time-unit. He finds thus for this celerity 
w, one of those just denoted by w, multiplied by a trinomial, whose first 
term is 1, whose second is multiplied by the height of the swell at the 
same particular point, and the third by its second differential coefticient 
with respect to the longitndinal abscissa, with numerical coefficients which 
in the memoir quoted were of simple form, approximate only because the 
differencea of velocity of the stream-lines were not there taken into 
account. : 

15. Considering in particular (§ xxx) the case of waves which are pro- 
pagated in a liquid in repose, the anthor determines all the circumstances 
of them, such as the heizht of their centre of gravity, the celority of pro- 
pagation proper to this centre, the energy of the wave, or the work which 

40 : 


BFASAY ON THE THEORY OF RUNNING WATER. 17 


it would produce during its effacement if the fluid returned to rest, its 
moment of instability, denoting thus (§ xxxii) the tendency to deformation 
in its advance, and even to separation into several other waves, and lastly 
the curved figure of its surface. 

This form is stable, and the moment just named is at a minimam for 
the particular wave styled solitary by Mr. Russell. 

It is the only one which is not deformed in its propagation, or which 
enjoys that longevity which the same experimenter attributes to it. 

Mr. Boussinesgq finds also (Art. 161), and which is also confirmed by 
experiment, that when a wave is propayated in a channel whose depth de- 
creases in the direction of its propagation, as it results from the superposi- 
tion of a direct and of a reflected and increasing portion, it becomes in 
its advance less bulky and more elevated, and consequently shorter and 
less and less stable until it gives way at the base and produces that 
state of “ breaking ” which is observed on shores of gentle slope, a well 
known phenomenon, which has not hitherto been so completely ex- 
plained. 

The contrary would take place if the depth of water continued to 
increase, 

16. When aswell is supposed continuous (§ xxxiii), like that produced 
by the influx also continuous of a constant quantity of water at any point 
of a channel with water originally still, the same analysis proves that its 
velocity of propagation, or the length by which it increases per time-unit 
is about a/g (H + @ &), if His the primitive depth of water, and h' the nearly 
constant height of the swell. But if it be considered what ought to take 
place at its crest or in that part of the swell which advances in front, it 
is seen that the height cannot there be the same as in the rest, for it has 
necessarily a curvature, which according to the formula with the trinomial 
parenthesis just mentioned, would render the velocity there smaller than 
in the successive portion. This latter part would spread over the former 
and would swell it up until its velocity increased by this alone became 
the same. Thus is explained the prominent irttial wave which has been 
constantly observed by Mr. Bazin. 

But this is not all. This crest or initial wave cannot merge into the 
rest but by a surface having a concave portion, which determines by a 
development of centrifugal force an increase of velocity which tends to 
break it up: whence a train of alternately concave and convex portions 
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er of waves of less and less height in. receding; as experiment also 
shows. 

The same law of the velocities of propagation of the different parts of 
& wave according to their height and curvature gives also account of the 
more rapid change of form of negative waves, viz., such as have hollows 
instead of swellings, 

17. When continuous waves, formed in succession and superposed 
have a barely sensible curvature, the curve forming the envelope of their 
crests at any given instant can be found by an easy integration. It is a 
solution of the problems of tides and floods in rivers, but giving certain 
results only when the total height of the swell is but a small fraction of 
the primitive depth of the water. When it is greater another kind of 
solution becomes necessary. 

In three later articles (§§ xxxv, xxxvi, xxxvii), the author determines 
the modifications which the conclusions undergo when the original slopes, 
curvature, friction at work, and inequality of velocities are all taken into 
account at once. He finds (§ xxxvi) that waves decrease in height gra- 
dually in their propagation along a current especially when proceeding 
up-stream, aud the more so as the velocity of the current is higher. 
This also has been observed by Mr. Bazin. 

As to the effect of friction and of bed slope not on the height, but on 
the celerity of propagation, it is to decrease or increase it with rexpect 
to an observer animated with the velocity of the current, according as 
waves proceeding down-stream or up-atream are in question. The lead- 
ing portion of « sufficiently long continuous wave advances thus generally 
quicker than the body of the wave; whence it follows that the wave be- 
comes thinner in such a way as to turn its concavity or convexity upwards 
according as it is positive or negative, This is the effect which Mr. 
Bazin has noticed in very long waves proceeding up-stream, and it is per- 
ceptible even in ripples (remous) propagated along a horizontal channel. 

18. These nomerouy results of a high analysis, based on a circum- 
stantial discussion, as well as on judicious comparisons of quantities of 
various orders of minuteness, sometimes preserving them, sometimes 
neglecting or rejecting them, and their constant agreement with the re- 
enlts obtained hy the most careful experimenters and observers have 
seemed to us the more remarkable. | 

That which serves as the basis, to wit, the formule which have been. 
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mentioned in the first part of this report, formule based on a distinction 
of two sorts of motion in liquids and established by the author, after 
having proposed, for the calculation of the mutual friction between their 
layers or stream-lines, expressions which take into consideration their-state 
of various intensities of agitation, and which give moreover results 
which are verified by actual fact, seems to us to give the solution in a 
new and happy manner with the desirable approximation, as far as it is 
possible to judge thereof in the present state of knowledge, of important 
questions having a practical bearing, and which have often been the aim 
of long and barren attempts. 

The author's work is, as has been seen, conceived and executed in & 
spirit consistently positive and concrete, even though calling to his aid 
the resources of an advanced theory. 

We consider it then as well worthy of your approval, and we propose 
its insertion in the “ Receuil des Savants Etrangers.” 


Translator’s Note. The Report above given abounds in references to Works on 
Hydromechanics and Hydraulics, chiefly French, and mostly accessible only with 
difficulty to English readers (especially in India). It has not been thought worth 
while to reproduce these. 


A.C. 
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SCANTLINGS OF DEODAR TIMBER FOR FLAT ROOKRS, 
[ Vide Plate.] 


Communicated by the Secy. to Government Punjab, P. W. Department. 
Extracts of Circular No. 44, dated Lahore, 30th November, 1877. 


Tue calculation of the scantlings of deodar timber for flat roofs has 
been subject to uncertainties and inaccuracies from various causes. 

Jt had appeared that the coefficient of strength in ordinary use 
deduced from experiments on deodar made at Attock in 1856, and at 
Roorkee in 1858, was too large. And the results of the experiments 
recently made show that this was the case. 

One of the chief causes of the erroneous results obtained from the 
old experiments referred to,—a probable cause of error in most experi- 
ments of the kind, not in India only,—is the small size of the specimens 
with which the experiments were made. It was with reference to this 
defect that a set of five experiments were made at Chatham a short fime 
ago on pieces of Memel Fir of large dimensions, the results of which 
were published in the Royal Engineer Journal, March 1st 1876. The 
nature of the error is, generally, that the strength, deduced from exper- 
iments on small pieces, is too great. 

Again, scantlings calculated from the Strength formula, dependent on 
the coefficient obtained from breaking weights, even if correct, are not 
always sufficient to secure the required stiffness. And it was necessary to 
calculate the scantlings likewise by the Deflection formula, and adopt the 
larger result. The mode in which the use of the strength formulas only 
has been made to answer the same purpose, according to very usual prac- 
tice, was to apply such a factor of safety as ensured its covering the result 
given by the other method. But this was not an accurate procedure 
though, considering the very various results of even the best experiments, 
its inaccuracy may not have been greater than that of the experimental 
data it assumed. 
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The very various results of expcriments, above adverted to, indicate a 
cause of possible defect or failure, in practice, of individual pieces, without 
implying any defect or error in the calculations. But this varicty of results, 
noticed in all scries of experiments on small pieces, is exhibited likewise 
in the Chatham experiments on pieces of dimensions adapted for use in 
actual construction (length 17 to 19 feet, scantlings 5 inches by 12 inches 
to 12 inches by 12 inches), which showed “ that not only is the strength 
of timber of the same quality very variable, but also that the two halves 
of the same log are by no means of the same strength,” (see page 47.) 

A nomber of experiments, on pieces of good size, reduces the error 
that might be caused by this great variation, and gives mean values, 
which, as mean values, may be accepted. But then, in applying this 
mean value in practice, we have to remember that it may be no nearer the 
representation of the actual strength of any single piece we are using 
than is the average of the results of the experiments to either of the 
extremes. The piece we are using, may be one which, if tried, would 
bring out one of the maximum results, or one of the minimum. For 
this reason, as well as because no piece must, in an actual structure, 
be subjected to more than s small proportion of the force that would 
destroy it, must a large factor of safety be applied when using formale 
based on breaking weights. 

The amount of the factor of safety is, in a measure, arbitrary. It is 
based, as fairly as possible, on experience. Different figares are accord- 
ingly assigned by different persons. And it is easy to see that, when 
the coefficients deduced from experiments have been so uncertain, there 
is room for much variety also in the experiences of actual practice, and in 
the factor of safety fixed by careful and accnrate practical men. 

It is seen that wo are yet far from having very certain data for cal- 
culation of scantlings of timber by the Strength formula. But, while 
on this account avoiding over-refinement, and the error of treating as 
precise such experimental data as can be only approximate, it is very 
important to make the data, for both methods of calculation, and the 
mode of dealing with them, more accurate and trustworthy, by numerous 
carefal and well-conducted trials and observations, both on strength 
and on stiffness. This was the object of the experiments recorded in tke 
accompanying papers. 

Among the varicties that have been noticed of the strengths of the 
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same kind of timber, it has been observed that wood obtained from dif- 
ferent places showed different strength. The mean of the coefficients 
deduced from the breaking weights of deodar from Garhwal, tried at 
Roorkee, was ,},th higher than that of a certain Panjab deodar tried at 
the same time. It had been suspected, after some experience of it, that 
the particular wood in question, in use in the Punjab, was not so strong 
as other wood of the same kind which had been used elsewhere, and it 
was to test this that these experiments were made. 

The conditions which it has been thought might possibly affect the 
stracture and strength of wood from different places are,—the elevation 
at which the trees grew, and the moisture or dryness of the locality 
affecting the rapidity of growth and compactness of the annual rings. 
Also the time at which the timber was felled, the time that has passed 
since, and the kind of seasoning it has had, or treatment to which it has 
been exposed. 

Opportunity has been taken to consult the Inspector-General of 
Forests on these and other points. Dr. Brandis is of opinion, that 
nothing at present known regarding the structure of trees grown under 
different conditions gives reason to believe that the strength is affected 
by the elevation at which they were grown, or the moisture of the cli- 
mate. But that the working quality of the timber may certainly be 
affected by the time it has been felled, and the manner in which it has 
been treated. Dr. Brandis has also observed that the circumstance 
of pines having grown close together or far apart has an effect on their 
strength; on this wise, that tho former being more straight, with fewer 
branches and fewer knots, are on this account stronger than the others 
whose growth is more free and varied. 

With reference to these enquiries regarding conditions possibly affect- 
ing the strength, Dr. Brandis has directed atiention to the remarks on 
the subject in a short treatise* by MM. Chevandier and Wertheim on the 
mechanical properties of timber. The results of the experience of vari- 
ous authorities are quoted with respect to the circumstances affecting the 
structure and strength of trees and different parte of them,—the in- 
fluence of soil,—tho effect of rate of growth,—the differing strength of 
pieces of equal scantling cut from the branches and from the trank,— 
and of pieces fram the upper and lower parts of the trunk,—and from 


* NMeémuire sur ies preprictés wéoaniquesa da Bols; par MM. EB. Chevandier ct G, Werthelut, 
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different parts of the trunk from the middle to the outside (see above 
page 46),—the effect, on different sides of the tree, of exposure to different 
points of the compass,—the difference of the timber of trees of different 
age,—-of wood recently felled and the same when dry,—the relation be- 
tween weight and strength,—and, in connection with this, the different 
densities of the trunk near the root and further from it. 

With regard to some of the most important of these circumstances, as 
the authors of the treatise referred to observe, the diversity of the results 
and opinions quoted leaves the questions in much uncertainty, The in- 
flaence of some of them appears to be confirmed by the investigations of 
MM. Chevandier and Wertheim. With others of these circumstances 
they found the quality of the wood not to have any determinable con- 
nection, 

Nevertheless the influence of these various circumstances, or of some 
of them, (though the nature and degree of that influence is uncertain,) 
may possibly so affect particular specimens of timber, or a whole collec- 
tion, as to vitiate tho conclusions drawn from a set of experiments, or 
disturb the expected relation between strength and dimensions of pieces 
used in actual construction. It is manifest that with so many possible 
causes of difference in the strength of different pieces of the same wood, 
a great number and variety of experiments would be necessary to farnish 
data of the precise kind that is desirable for practical application. And 
every careful and accurate contribution to this knowledge is of much 
practical value, 

The experiments on transverse strength have beon made with pieces 
of larger dimensions than ordinarily used in previous similar experiments, 
and are thus of higher value. 

The experiments are not in sufficient number to furnish any very de- 
finite conclusions, but they appear to show that in resistance to crushing, 
which is moro directly exhibited in the experiments on the shorter pieces, 
the Jhelum timber is stronger than that from the Chenad in the propor- 
tion of 1 to ‘867. And stronger in the proportion of about 1 to ‘946 in 
resistance to pressure with flexure, as shown in the experiments on the 
longer pieces. 

It will be seen that the crushing stress per square inch is less in these 
Punjab Deodars than that assigned in the ordinary published tables to 
the several descriptions of European and American pines. But without 
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knowing how far the methods of trial from which the figures are deduced 
were similar, no proper comparisons can be made. 

As a contribution to our knowledge of the strength of timber, the ex- 
periments shown in Table III. on resistance of Deodar timber, from the 
forest of the Chenab and Jhelum, to direct pressure conducted by Mr. 
D. Kirkaldy, a man of known skill and accuracy, with the most suitable 
means and appliances, will be of much value. 

The experiments and the observations recorded in the accompanying 
statements, so far as they have gone, are believed to furnish very useful 
additions to our knowledge on the subject. Tho chief practical conclu- 
sions are these— 

(1). In the application of the strength formula for calculation of 
scantlings of deodar timber under transverse strain, tho 
coefficient should be taken as $00. 

(2). The factor of safoty to be applied should be 6. 

(8). The formula and notation here understood are— 

= <= xCf 
or W = ae x Of, 
Where tw, represents the working or safe load in ths. at the middle, 

W, the distributed safe load = 2w, 
&, d, breadth and depth, in inches, 
L, length, in feet, 
C, the constant for transverse strength, == 300 for deodar, 
J, the factor safety, = 6. 

Applying these figures the formula is— 


W = 100 


wia= /HE 


If a fixed ratio of breadth to depth is assumed, called + = ; ae then 
LWr 

i= vf 100 
A fixed ratio of breadth to depth is not necessary. The large propor- 
tionate depths, or small proportionate breadths, of flooring joists, accord- 
ing to common English usage, can usefully be applied in many instances, 


the thin timbers being properly supported by cross bracing to preserve 
their true position of strength. 
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TABLE 


Report on Experiments conducted by Rai Kanhya Lal, Bahadur, 
Deodar Timber, obtained at Lahore, 
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specimen 
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Scantling in inches 


Number of 
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Weight in lbs. 





LOADED FOR 24 HOURS WITH APPROXIMATELY 
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goth breaking 
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3 


Actual 











2)10 1216 by 4 
3, LO E216 by 4 
4 LOlL216 by 4 
5 10112|6 by 4 
6) 10}1216 by 4 
Tv 10}12)6 by 4 
8: 10112 16 by 4 
DLO 1216 by 4 
10/10 19/6 by 4 
1? 110 1216 by 4 
iy! 1O}1216 by 4 
li #10 12 iG by 4 
4 1012/6 by 4 
lo, 'rohale ea 
is 10 | sls by 4 
716 & by 8 


OE ee 
lve ft 
1110/1216 by 4 











G 
6 
6 
G 
6 
6 
6 
G 
6 
6 
6 











tneneal lbs. 


76°37 
78-17 
73-93 
76:50 
G2-74 
65:92 
T0922 
74-57 
67-63 
G-00 
66-00 
67-11 
67-83 
69-42 
66-34 
65.57 
25-38 
$0-47 
28 28 
27-77 
25-72 
34-97 
27-77 
28-16 
82-27 
31-88 
31-88 
27-25 
83-30 
82-91 
33-04 
$1-88 
26:74 
25-46 
27-77 
27-77 
31-88 
29-30 
29-34 
80-34 
26-87 
26-36 
27-8 
25.72 
29-77 
26-74 
27°77 
28-54 
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360-00 
860-00 
360-00 
260.00 
360-00 
360-00 
252-00 
252-00 
2. 92.00 | 
252-00 | 
252-04) | 
252-00 | 
252-00 | 
252-00 | 
952-00 
SL2-68 
312-68 
312-68 
312-68 
312-68 
312-68 
812-68 | 


| 
312-68 
160-96 


ba 
360-00 





160-96 
160-96 
160-96 
160-96 
160-96 
160-96 
160-96 
160-96 
160-96 
160-46 
160-96 
160-96 | 
160-96 | 
BGQ-0G | 
160-96 
160.96 | 
160 96 | 
160-96 | 
160-96 | 
160-96 | 
160.96 
160-96 
160-96 
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Deflection 


Inches 


0-1 
0-2 
()-2 
0-2 
0-3 
0-2 
()-4 
0-1 
0-026 
0-025 
0-1 
0-1 
0-2 
0-1 
0-125 
0-15 


0-025 
0-030 
0-050 
0-050 
0-100 
0-025 
0018 
0-050 
O-076 
0-128 
0-025 
0-025 
0-050 
0-025 


0-076 


0-025 
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Ey 
EE 


720-00 
720-00 
720-00 
720-00 
720-00 
720-00 
720-00 
720-60 
504-00 
504-00 
504-00 
504-00 
5604-00 
504-00 
504-00 
HOEK) 
625-37 
625-37 
625-37 
625- a7 
625-37 
625-387 
625-37 
625-87 
821-92 
321-92 
321-92 
$21.92 
321-02 
321-92 
821-92 
$21-92 
321-92 
821-92 
821-92 
$21.92 
£21.92 
32}-92 
321-92 
B21-92 
821-92 
B25-92 
821-92 
821-92 
821-93 
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823.92 
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0-300 
O-40) 
SD 
O50 
0-50 
O-40 
1-70 
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goths breaking 
weight 
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23 
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1,080-00) 
1,080-00! 
1,080-00! 0-725 /4,816-88 
1,080.00 
1,080-00 
1,080-00 
1,080-00 
1,080-00 


756-00 
756-00 
T5CAO 
756-00 
756-90 
756-00 
756-00 
T5600 
988-04 
938-04 
O3804 
938-041 
938-04 
988-04 
938-04 
938-14 
482-88 
482-88; 
482-88] 
482-88 
482.38 
482-88 
482.88 
482-88 
482.88 
482.88 
482-88 
482-88 
482-88 
482.88 
4852.88 
482-88 
482-88 
482.88 
482.88 
482-88 
482-88 
482.88 
482.88 
452-85 
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Breaking weight 


Deflection 
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5,273-82 
4,682-52 


0.46 
Q- 6 
0-725 |4 "322 fH) 
0-70 14,222.00 
0-576 5 48-00 
0-9 $,001-47 
063 5,051-78 
0.275 14,892-87 
O35 15,699-66 
0-30 16,598-21 
BS 13,784-85 
0-60 {2,984.88 
0-50 12,162-03 
0-40 |3,606-14 
0-40 (3,511.51 
0.25 ia. "494. 23 
O30 14,954.57 
0-20 4, g237°68 
0.275 4745040 
0-20 |4,374-22 
0-20 13,865-60 
0-276 (5,248.88 
0-20 {4,894-41 
0-075 16,140-13 
0-10 (6,005-84 
0-30 16,776-40 
0-225 |4,147-08 
0-20 11,876.08 
20 16,122.5) 
0-25 {3,168-0( 
0-10 15,476-06 
0-125 15,259-4; 
0-45 (8,956-3( 
2 35,1792 
0-175 |5,008-4/ 
0-20 (5,189.8. 
0-18 15,162-4: 
OTO (8.080-6 
0-15 (28576 
0:20 
().20 
0-10 
0-10 
0-125 
0-126 {8,3894 
0-25 (3,712 
0-20 14,764°: 
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I. 
Executive Engineer, Lahore Division, on the Stiffness and Strength of 
under Central loads. 




















eivecainons | tamMOumERRAOREt || etitynanieenmniennone 


eee 336.58 2 a 


f 
3 3 
3 Bein REMARKS 
@ j&law | Els 
Bese 3 2G 
ol ed: Date of receipt of Specimens, 10th Aprit 1876, 
3 ge! 2 » of commencement of Experiments 10th May 1876. 
z | é ed 5 ra » Of conclasion of 3 bith August 1876, 
6 a 
ees : et a a 
Ina. los Ibs, 
9.30 366 2,778 Sharp close fracture ; cracked with 38 maunds. 
9.15 B25 2.083 ifau three knots. Half split ta middie and broken with a long fracture 
2.201 334 1,667 Long splintery fracture. 7 
9.30 306 1,667 Broke in three pieces with long splinters. 
210 993 1,667 Broke in long splinters (bad a ftaw in the middle}. (in the nidate, 
9.10 357 2 ORS Sharp close fracture closely interwoven ; had a knot on the lower part 
2-0 215 | 1,190 Sharp clese fracture; had a knot in the middle just below the load. 
1-5 351 416 Spiintery fracture. 
3.4 897 4,667 Broken with long splinters, 
9.3 B96 | 2,917 Sharp close fracture. 
2-4 388 2,917 Ditto. 
1.6 863 2,917 | Very long splintery fracture; the piece had a flaw iu it. 
1-8 907 1,458 Knot in the middle; framinte long eplintery. 
1.4 150 1 o44 Flawin ditto; ditto Gitto. 
1-7 250 ne Long splintery fracture. 
1.8 244 1,046 Very long splintery fractrre, 
1.15 854 2 "058 | Sharp close fracture, 
11} 396 | 1,800 | Ditto 
0.95 339 2,831 | Sharp sie fracture above and long aptinters beiow, 
1-0 3° 1] 801 Long aplinuery fracture below and sharp close fracture on apper part. 
1.2 250 3, 602 | Sharp close fracture on upper part, long splintory below, 
1.00 309 3 602 Ditto ditto ditte 
1-08 420 1,801 | Long splintery fracture. 
1.4 $92 2. ‘058 : Sharp close fracture; had flaw af the top. 
1.3 491 8,708 Sharp close fracture. 
1.4 480 8,708 Bplintery fracture. 
1.4 462 8,708 Sharp close fracture at top and splintery below. 
1.3 332 1,236 Sharp close fracture. 
0.7 150 ; Sot Had a knot in the middle, Sharp close fracture. 
4-4 490 1 483 Fracture long splintery. {at one of the knots, 
j-] 353 "997 Had two large knote; fracture splintery at one foot from the centre 
1-2 438 i 3,708 Sharp close fracture above, and long splintery below. 
1-7 Agi 1 "B54 Sharp close fracture. 
0-9 816 ] ab4 Sharp close fracture on the upper side and long splintery below. 
1.9 414 1 854 Sharp close fracture, 
1.65 400 I B54 Sharp close fracture on the upper side and eplintery below. 
1-5 411 1 483 Sharp close fracture. 
1-6 418 1 "854 Ditte; twisted on side before fracture. 
0-8 2463 2, 472 Nitto, 
0-8 205 1,854 Ditto; @ knot in the middle on the lower side. 
1.10 844 1 Bb4 Leng aplintery fracture. 
0.90 285 1 "060 Sharp close fracture. 
0-80 800 8,708 Long splinatery fracture ; had a flaw in the middle, 
0-951 848 4 2,472 Sharp close fracture, 
0-90 329 i 854 Ditto. 
0-80 271 2 "472 Broke at a knot 15 inches from the centre; sharp close fracture. 
O13 296 | 1 060 Sharp close fracture. 
0-613 381 | 1,854 Ditto. 
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ON A METHOD OF AVOIDING TRANSHIPMENT OF 
GOODS IN THROUGH TRAFFIC BETWEEN BROAD 
AND METRE GAUGE RAILWAYS, BY THE USE 
OF VEHICLES WITH MOVEABLE BODIES. 


By Carr. W. Sevewicx, R.E. 


Tus body of a covered goods wagon costs about one-fifth of the price of 
the entire wagon. The cost of the body in ballast, high-sided, low-sided 
and timber wagons is less than the cost of the body in covered goods 
wagons, and in the case of third class carriages, horse boxes, carriage, 
powder and luggage vans, the cost of the body is somewhat greater than in 
the case of covered goods wagons. Hence the present mode of construc- 
tion, by which the bodies of all classes of vehicles are permanently fixed to 
the frames and wheels, does not seem a very economical one: for it obliges 
a railway to provide as many frames and wheels or expensive portions of 
vehicles as there are vehicles on the line; and it also obliges the frame 
and wheels of a vehicle to remain idle, while the body or inexpensive 
portion is being loaded, unloaded; repaired or kept in reserve for contin- 
gencies. 

There seems no valid reason why there should not be one pattorn of 
frame for all the commoner descriptions of vehicles, or why the bodies 
of these vehicles should not be mounted on small tracks or runners, 50 
as to be readily run on to or off from the frames and wheels when neces- 
sary. ‘Then, if lines of light rails were laid on platforms raised nearly 
to the level of the tops of the frames of the vehicles, the loaded bodies 
of the vehicles could, at the end of @ journey, be run off the frames, and: 
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empty bodies, or bodies loaded for outwards traffic, run on, in their place, 
and taken away. Also a stock of bodies could be kept in reserve, so 
that, whenever any particular description of traffic was brisk, bodies, to 
suit the traffic, might be mounted on the available frames and wheels, 

In this way, a line could have as large a carrying power as at present, 
with a considerable reduction in first cost of vehicles, 

A method of working similar to this is in use on the Eisenerz Rail- 
way in Styria, on which vehicles, running on portions of the line with 
easy gradients, are sent up and down the inclines at the Hisenerz mines, 
on frames built for running on inclines only. 

However this method of working seems to be chiefly of importance, 
because it enables the transhipment of goods in through traffic between 
broad and metre gauge lines to be dispensed with. 

Since a metre gauge covered goods wagen takes five tons, or exactly 
half the load of a full sized broad gauge wagon; it is plain that, by using 
axles a little stronger than those in ordinary use in broad gauge vehicles, 
it will be possible, at junctions, to run two loaded metre gauge wagons on 
to each set of broad gauge wheels available, by putting a light frame, 
carrying two pairs of rails for metre gauge wagons, on to the broad gange 
wheels. When traffic offers at broad gauge stations for the metre gauge 
line, the consignments will have of course to be loaded in metre gauge 
wagons obtained for the purpose. It will be necessary to provide plat- 
forms carrying light metre gauge rails to enable metre gauge vehicles to 
be run on to or off from the broad gauge frames. 

The accompanying drawing showsa pair of metre gauge wagons mount- 
ed on a broad gauge frame. It will plainly be necessary to make the 
metre gauge vehicles of the same length as broad gauge vehicles, and at 
the same time to reduce the width of the metre gauge vehicles to about 
five feet. The metre gauge wagons when on the broad gauge frames are 
prevented from shifting by double-headéd hooks catching two eyes on the 
ends of the metre gauge wagons as shown at Fig. 3. The double-headed 
hooks are secured to the ends of the broad gauge frames, and can be 
opened or tightened up by screwing up or unscrewing nuts on the lengths 
of acrew thread at the ends of the hooks. 

- The broad gauge frames used for through traffic with a metre gauge 
line can be provided with moveable bodies, so as to work as broad gauge 
vehicles when not required for through traffic. Doubtless some few diffi- 
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culties will be found in starting a system of this sort; but no difficulties 
of a formidable nature are likely to arise. 

It is plain that if this method of working can be introduced, it will do 
away with the most formidable objections which now exist to the use of 
the metre gauge for branch lines. , 

To reduce the dead load of vehicles with this system, it would be 
well to make the bodies of metre gange wagons moveable. The bodies 
alone of the metre gauge wagons would then be sent on to the broad 


gauge line, 
W. 8. 
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_ END ELEVATION OF A BROAD GAUCE FRAME 
LOADED WITH 2 METRE GAUCE WACONS 
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DESCRIPTION OF A PLAN FOR FACILITATING THE 
CONSTRUCTION OF THE STEINING FOR WELLS. 
Plate. ] 


By W. Bou, Esq., Assoc. Inst. CH. 


By all who have had experience in well building and sinking, it will 
have been noticed what constant care is necessary to keep the masonry of 
a well truly cylindrical. This is more difficult as a woll gets out of 
the perpendicular, which at some period happens to nearly every well 
sunk. This can be almost, if not entirely, obviated, and an absolutely 
true circle of the same radius be ensured by the use of a cylindrical 
templet, of a diameter equal to the outer diameter of the well, and inside 
which the brickwork is to be built. This plan was first designed for, and 
used in, the construction of Irrigation wells, with a view to facilitating 
the building simultaneously with the sinking. With dredgers or moats 
coming out constantly, it is very difficult for a mason to use either tem- 
plete or straight-edges as applied by hand. With the cylindrical templet 
neither of the above or any plumbing is required. 

In construction the templet will be as shown in the accompanying 
Plate. 

For a larger sized well the parts should be proportionately heavier. 

The cylindrical templet can be used in two ways. First—on starting 
the brickwork of a well it should be placed on the curb, which in nearly 
all cases is of a slightly greater diameter than the brickwork is intend- 
ed to be. Four courses can then be built. The templot is then to be 
raised six inches, and supported in four places by a flattened nail driven 
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in between the 2nd and Srd courses. Two more courses are then to be 
‘built, and the templet raised as before, and so on regularly. The planes 
of the courses being parallel, the outer face of the brickwork must be 
parallel to the axis of the well, whether the latter be perpendicular or 
not. 

The accuracy with which a cylinder can be built with this templet is 
really astonishing, and the masons take to it at once with the greatest 
readiness. | 

The second method of using it is more applicable to Irrigation wells 

built with radiating bricks without mortar. By means of it the building 
and sinking can be carried on together. We will suppose then a length 
of say 20 feet was built in accordance with the first method, and sunk till 
the top is on a level with the ground. A course of bricks should then 
be laid with a rise equal to the thickness of one course in one circum- 
ference. A wooden frame should be constracted exactly like a door frame, 
only square, large enough to fit freely on the outside of the well. This 
should be firmly supported and fixed, resting on the ground or some way 
free from the masonry of the well, in the same plane as the top of the well 
before the sloping course was puton. The cylindrical templet rests on 
this. As the well sinks the casing can be built in the spiral endless course 
which results from the sloping one. The saving in labour by this method 
is very great. Any smart coolic can Jay the bricks, and it is difficult for 
him to do it incorrectly. The saving in time by working on this principle 
ze 80 great, that an Irrigation well, which, if the bricks are well burnt, 
gives as permanent a job as can be desired, can be easily sunk in ten 
days to a depth of 50 feet. 
The object of the spiral course is to save all cutting, as it is almost im- 
possible, owing to irregularity of shrinkage of the bricks, both in drying 
and burning, to get them sufficiently accurate in shape, to enable a course 
to be formed with a fixed number. A few half bricks should be prepared 
to break joint when it may be necessary. 

The method resulting from the use of the templet and spiral course, 

although wood has been successfully worked, but the writer would be much 
obliged if persons trying the plan would communicate to him their 
BLUCCEES. 
W. B. 
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ON THE WEIGHT OF A PACKED CROWD OF NATIVES. 


Re ne TET ase / etl Me CentOS RRR cat oncom es 


By W. A. Francgen, Esq., Depy. Supdt. Roorkee Workshops. 


Ons the 9th of February, 1876, I made the following observations on the 
weight of a packed crowd of natives. 

I put 102 beldars employed at the Workshops in a room measuring 
9 feet 2 inches by 9 feet. The men were selected at random without 
reference to weight, but only adults were taken. 

The men were allowed to pack themselves, no extraneous force being 
used, so that the conditions were such as might occur in a crowd. 

The results were as follows :— 


Number of men packed, bee = tus nee eee == 102 
Space in which packed, sas wis ear sco 82°5 s. ft. 
Total weight 141 mds, 29 srs. 8 chts., at 82- 285 ibs. ee md., == 11663-08 Ibs. 
Weight per superficial foot, ... ces saa sa ooo ca 141:°37 ,, 
Average weight of cach man, exe sae sve o == IJ1léd4 ,, 
Maximum do. GOs +i ves a ies oe cz 18988 ,, 
Minimum do. do,  ... ss cow snes  E—(téiBD 
W. A. FP. 


February 9th 1876. 
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THE “ CHIN CHIA ” OR CHINESE CHAIN-PUMP IN THE 
LARUT TIN MINES. 
[ Vide Plate}. 


By P. Dorie, Esq., C.E., F.S.8., M.R.A.S., Superintendent Public 
3, Surveys, and Mines, Perak. 


Tue mines are quarries or entirely open excavations, from 10 to 25 feet 
deep, through comparatively porous soils, and the spring level of the 
country being only six feet below the surface of the ground, the percola- 
tion of water into the workings is very great indeed, due chiefly to the 
high rainfall, which averages 150 inches, distributed pretty evenly through- 
out the year, and the numerous water-courses intersecting the mines, 
which are required for turning the watcr-wheels working the pumps en- 
gaged in draining. 

The following description will, it is anticipated, sufficiently explain the 
accompanying diagrams, affording all needful information anent the ar- 
rangement and details of the different parts of the machine. 

The chain-pump in use by the Chinese in the Larut mines is only a 
modification of appliances long known in Europe and the Hast. It con- 
sists of a wooden gutter or working barrel, placed at an angle which 
seldom exceeds 20°. A fair average of the existing grades is 1 in 6. 
The gutter or trough is from 12 to 16 inches high, and from 4 to 6 
inches wide, and of lengths ranging up to 100 feet, composed of three 
single planks. A few inches above, and supported by framing attached 
_to the sides, a fourth plank or platform runs for the full length parallel 
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to the trough. An endless wooden chain, with wooden blades, about one 
foot apart, op each side of the link, is exactly fitted to, and works in, the 
wooden channel, passing over two pulleys, or, more correctly, sprocket 
wheels, one at the upper, and one at the lower, end. The upper pulley is 
on the axle of an overshot water-wheel, driven from the tail race of 
the mine higher up, or directly from the head race, and the pulley at the 
lower end of the pomp, which is snbmerged, guides the blades which 
travel down the platform and up the trough, the water drawn up by 
the floats being discharged into a channel at the head. Breaks are 
also provided to prevent a retrograde or downward motion of the blades, 
and the serious consequences in the trough in the event of the chain 
separating, or the stream of water in the overflow or shoot being sud- 
denly shut off. In some of the smaller workings the pump is worked 
by coolies, by means of a treadmill on the shaft of the upper pulley, 
and in a few instances formerly buffalges are said to have been the 
motive power. 

The water-wheels in the Larut mines (some 84 in all) are from four 
to five feet diameter, and from two to three feet breast. The fall at 
each pump, its lift, and performance vary, and the following are the 
means deduced from six pumps selected indiscriminately, the measure- 
ments being taken on a morning succeeding a night of heavy rain, when 
the wheels were working under favourable conditions :— 

Fall, 54 feet; | 
Lift, 184 ,, 
Discharge, per minute, 6-36 cubic feet ; 
sj per hour, 2,385 gallons; 
Ratio eee acs -22, or between } and 3; 
Trough, inclination, 94°; 
» length, 87 feet. 
An example would, perhaps, better illustrate the foregoing descrip- 
tion and results. 
Fall = 52 feet; 
Lift =< 25 feet; 
| Discharge of overfall or shoot = 24 x 3 x 24 ere ), 
== 834 cubic feet per second. 

‘The wheel made } revolution per second, and each revolution corres- 
ponded to 6 blades of the pump, so that $ x 6 == 2 blades were dis~ 
charged per = 
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Discharge per blade = 1 X 3 x } = 4, cubic feet; 


- of pump = 1; x 2 = } cubic feet per second. 
The effective work done was, therefore, 
% 25 


a = 4 of the power employed. 


This is about a third of what would be obtained were the same power 
applied to a centrifagal pump. The waste of power is no doubt due 
to the very great friction necessitated by the construction of the machine. 


P. D. 
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NOTE ON EXPERIMENTS ON STRENGTH AND ELAS. 
TICITY OF ASINA TIMBER. 


By G. R. Birp, Esq., Exec. Engineer. 


Asina tree ( Zermtnalia Tomentosa), also called the Hasna, Arsena 
or Asan, grows in great abundance in the forests of the north of Oudh. 
It was used by the natives, in the King’s time, for roofing purposes, as 
is testified by its existence in some of the old buildings at Lucknow. 
From annexation the demand practically ceased, owing to the cheapness 
of sal timber, imported from Nepal, and to the supposed untrustworthy 
character of Asina and its Hability to be attacked by dry rot. The in- 
creasing scarcity and consequent high price of sal eventually bronght 
Asina again into request, and since 1871 it has been very generally used 
throughout the provinee for temporary and semi-permanent buildings. It 
is moreover likely to retain its position as a sccond class timber, and as there 
are‘no published data relating to its ultimate strength or elasticity, (the 
Roorkee Treatise being also silent on the subject,) some rough experi- 
ments were made in 1877, and the results obtained therefrom may be 
found useful, till they are superseded by more reliable information derived 
from a greater number of trials. 

The pieces experimented upon, five in number, were taken at random 
from among a quantity of battens sawn up for a building then in process 
of construction. They were planed down to a uniform section, and suc- 
oessively placed on two supports and weighted in the usual way. The 
various observations were recorded in a table, see page 67. 

Very little time could be spared for these experiments, owing to an 
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anusnal pressure of work, and hence the successive increments of weight 
were larger than should be imposed in delicate operations of this nature, 
but in every other respect great care was taken to produce a reliable 
series of results. It may be due to this rapid loading that piece No. 2 
failed so suddenly when only two-thirds of the breaking weight had been 
applied, or it may be an example of the inherent unreliable quality of 
this wood itself, for in appearance and treatment there was no visible 
difference between the pieces experimented on. 

The rough quality of the apparatus employed caused sundry interrup~ 
tions during the time the first piece was under trial, and it is probable 
that this piece would have borne as great a weight as No. $ had it not 
been crippled by the frequent removal of the scales. In the deductions 
given below, the breaking weight assumed is for this reason fixed higher 
than the actual results obtained from No. 1 would otherwise warrant. 

It is believed that the following data derived from these experiments 
give a very fair idea of the strength and elasticity of this timber, and 
that the scantlings of roof timbers calculated from the coefficients will be 
found amply strong enough. 

I. Ultimate breaking weight under transverse strain, or p, 
Roorkee Treatise = 640 ibs. per square inch. 


II. Modulus of Elasticity, Es of the Roorkee Treatise = 4,150. 
III, Formula for calculating breadth of scantling from deflection 
b= YT? W x ‘0021; where d= b n/2 
The results obtained by using this last formula are somewhat higher 
than the scantlings derived from the ultimate weight. 


ROT Roorkee Treatise Notation employed throughont. 
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Detail of Haperiments on Transverse Strength of Asina timber, conducted 
at Pertabgurh on the 6th of May 1877, 
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Piece No. 1. Weight in the middle. 


Structure slightly knotty. 


Scale touched the ground, weight removed, 
permanent set found to be 4". 


Rope broke, weight removed, set %”. 


Rope again broke, weight removed, set 42°. 
Horizontal cracks appeared about 6 inches on 
each side of centre, but these closed up 


soon afterwards ; sound of cracking heard. 


Piece broke soon after application of this 
weight. 


Piece No. 2. Weight in the middle. 


Very even grain throughout. 
Piece collapsed suddenly without warning. 


Piece No. 3. Weight in the middle. 
Very even‘grain throughout, 
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PREFACE. 


Tho following Paper contains the anthor’s calculations ot Stresses in 
the main parts of a large steel arch bridge proposed for the river Indus at 
Sukkur, designed by Mr. G.L. Molesworth, C.1.F., (Consulting Engincer 
for State Railways,) of 740 feet span, and 200 feet rise. 

The complete Dridge consists virtually of two Bridges, a Road-Bridge, 
and a Railway-DBridge side by side, 66 feet apart from centre to centre, 
with the platform of each suspended from and between a pair of steel 
arched Ribs, 22 foot apart from centre to centre. 

Each Rib is divided inte ejual semi-Ribs, meeting in a free joint at the 
crown, and each semieRib abuts upon a free joit at the abutments. The 
Thrust of the Arch is resisted entirely by the abutments, (which are rock, ) 
and not at all by the platforins, which are designed simply as a roadway 
and a railway on Gight longitudinal Girders. 

Each semi-lib consists of a pair of parallel square steel tubes each 
2’ x 2’ from out to out, one over the other, 22 feet apart from centre 
to centre, connected together by cross bracing which divides the semi- 
Rib into Bays of 22 feet length. 

A skeleton clevation of one semi-Rtib (without the platform) is given 
in Plate 111, (which also shows the proposed mode of erection,) and a 
cross-section of one of the square steel tubes in Plate V. 

The pair of Ribs carrying one track are united by cross-bracing, and 
both the two platforms and also the two imner Qibs of each track are 
united by cross-bracing. The pair of Lridges thus form together a single 
Bridge of very wido Dridge-Lase (88 feet), and therefore possessing great 
lateral stiffness for resisting wind, which is necessary on account of the 
great height of the Structure. 

The present Paper is intended to show only the principles and mode of 
calculation of the Stresses in the Structure. This alone is the present 
writer's work. The Design itself is Mr. Molesworth’s. 
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CHAPTER L—IN PRODUCTION, 


2. Certain parts of the Theery of the Braeed Areb, and certain 
formule based thereon havine: been faand do he dacarcce? in some of 
the published authorities, expecially mathe fords = oedadeny fo easyute 
metric Loa, it has been thousbt neeessary to precede the present 
calculations uf Stresses in the proposed Judus Uridee Steel Areh by 
a preliminary mathematical investigation of the principles on which 
the Theory is based, and of the formuhke resulting which are to be 
used in the caleulatious, as these formule diller from those given 
in several authorities. 

The mathematical portion of what follows is rcally very simple, 
as from tho mode of hinging the Areb at the erown and at both 
springings, it can be treated entirely by elementary Statics: had 
it not been so hinged, this elementary method would have failed. 
This mathematica] work oeccupics Chap. UH. 

Chap. TIL. contains the application of the principles and formule 
of Chap. IT. to the case of the Indus Bridge: the Method employed 
being the Graphic Method, which las the advantage of showing 
most of the Results to the eye. 

Chap. LV. contains the mathematical investigation of the effeet 
of the Wind on the Arch followed by appheation to Indus Bridge. 

Chap. V. contains an investigation of the Stresses in the Stays 
during the erection of the Arch, aud of the effeet of the Wind. 

All heavy numerical calculations have been colleeted together 
into a serics of Sheets forming Chap, VI. All the numerical work, 
and scaling Gif the Diagram E, has been carefully checked by an 
independent computer. 


* Given in the Discnasion following M. Gandard's Paper on “ Construction of 
Metal and Timber Arches,” Paper No, 1224 in Vol. MAXL of “ Proceedings of 
Inet. of Civil Engineers,” 1870-71. 

@2 


TOULORY OF BRAOKD ARCTIAINOUS WhIDGr AT SUMETR, f, 
CHIAPTER. [1.——STRESSES UN BRAC ARCH, 


2, It is convenient to promise the followe+ detinitions :_ 

Nevrrkac Conve ar Bipieee'Phis is the cure traversing the cen- 
tres of gravity of all gornned er ivs-weetcons oF Cho Tah. 

Busiconan PotrGoneeSlas ir fhe peloro which is belaneed 
under vertien! Jionds ais ded of ats arerahir potuts, so that the 
Stresses produced he wholly alone the shies of tie pulsegon, and 
there Is en bout fe “eed Gq ae eta Te bey UPd, 

Conve or bosinesaie peeUhist- toe cure deoshect a faneular 
polygon approsigites ge the Popbogienet sy in ioaber aod decrease 
in distance apart, fendi in duet towards continous load, 

Por every Given system of Giead. there as oa deffiite “ Panicular 
Polyoun 7? Where verbeat he cn ths, vorfeai (irensn tie (centres of 
eravity of the) several crven Loads, with no tendeney to distortion. 

If the © Neutral Carve? of a given Bab eaiuieide with the © Pu- 
nicular Polygon,’ or © Curve of Eo ynilibriam?? af a given system 
of Javad, there wall oe ad Pye geod fo hoe? ow distort the Rib under 
hat Tiead, and the Stresses prodgeed wilh be wholly perpendicular 
to its normal sections, @.c, will be stale Throste upon its cruss- 
sections. This is the most favoarable possible condition, dowards 
which fois therefore destrohle ta ayproriuedtie, Lu this vase, if 

T= Votal Thrust across any cross-svetiou, 


A 


s. z= Safe crushing sives: -tudepsity 2 O05 fous per ag. Tn. for steel, 


Area of that cross-secttou, 


then A may be found by the suaple formula, 
é ly 
5 i eon Ce Or i ee ee (1 ). 


Bat ander varviny oad, it is eels that the Neutral Curve 
of a given Rib should coincide with the Curves of Wyuilibrium of 
all states of the Lead, beeanse the Curves vary when the Load 
varies. In this ease a bending action is troduced in all cases of 
non-coincidence of the Equilibriam-Curve with the Neutral Curve, 
increasing with the amount of separation of the two Curves. 

This causes additional longitudinal Stress perpendicular to the 
normal cross-sections of the Rib, to be calculated precisely as in 


thay 


ia 
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ordinary cases of Transverse Strain, viz., from the Bending Moments 
(M), and also a shearing Stress (F) parallel to the normal cross- 
sections of the Rib. 

The above longitudinal Stress falls principally on the Flanges of 
the Rib, so that their sectional area depends jointly on the Total 
Thrust (T) above-mentioned, and on the additional longitudinal 
Stress due to the bending action: and falls under the Rules laid 
down in Chap. XIII. of the Author’s Manual of Applied Me- 
chanics. 

The Shearing Stress (F) falls principally on the Braces (be- 
tween the Flanges); the Stresses (R) in the Braces may be calcu- 
lated from the Shearing Force (F) as explained in Chap. X. of same 
Manual, viz., by the formula 

EE =F GOO G, scccnisssasvesdersessaceen (2)) 


where ¢ = inclination of the Brace to the “neutral curve” of Rib. 
{N.B.—There will be a further partial Shearing Stress falling on the Braces 
due to the mode of attachment of the Load to the Rib, bat as this is not cumulative, 
it is not thonght worth investigation; the Stress in the Braces of any one Bay—due 
to this canse—being only that due to the partial Load on that Bay, and to the 
Braceg being the connectors which distribute that Load between the Flanges). 


Properties oF Equitisrium-CuRVs 
funder vertical Load]. 
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3. Let APV be the Neutral) Curve of a Rib. 

AQV be the Equilibrium-Curve for a given system of 

vertical Load. 

P, Q corresponding points on the two curves, ¢.¢., on 
same vertical QP, 

Draw QT tangent to the Equilibrium-Curve at Q. 

QN parallel to the tangent to the Neutral Curve at P, 
(and therefore perpendicular to the normal section 
Px of the Rib at P). 

P?, Pn 1* to QT, QN, respectively, to meet QT in #, 2, 

respectively. 

The Resultant of all the Forces to the right of Q is necessarily— 
by the property of the Equilibrium-Curve—a certain Resultant 
Trust through the point Q in the direction of the tangent QT to 
the Equilibrium-Curve, which may be represented by QT, or shortly 
by T. : 

Draw QH horizontal, TH vertical, TN to QN, 

Let P? = 6, Pn = xn, QP = »v. 

Then by elementary Statics, it is clear that QT is equivalent to 
QH, HT applied at Q, whereof, 

QH, (or H) is the Horizonrat Turust at Q, and is—by 

the property of an Equilibrium Curve—a constant guan- } (8), 
tity right round the curve, 


SPSESSCSHPHSFCHSSHSSEHoPesesryeeeOBHenSyen ee oe 


HT, (or W) is the algebraic sum of vertical Forces to ~~ (4). 
OF Cl sscusictweiavesensesgnsdsoeseneseuses 


Again by elementary Statics, it is clear that, with respect to the 
normal section Pz of the Rib, the Resultant Thrust QT (or T) is 
equivalent to the pair QN, NT applied at n, whereof, 

QN, (or N) being _L' to the cross section Pa, and applied at’) 

a distance = Pn (or 2) from its centre of gravity P, is 

equivalent in effect on that cross-section to a Thrust (é). 

QN (or N) applied uniformly ali over that section, to- 

gether with a Bending Couple whose Moment is QN. Pu, f 

ORIN wy evi skelvcdecdersinsanueivacoess 
. 75 
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NT, (or F) being |] to the cross-section Pn and applied at 
a point ” in its plane is a simple Shearing Force in that >(6). 
BECUION pcatawy caatieniavoncesoveuneeeeanee ese leeuseartandsoeoeats 
It is clear then that the Direct Thrust (N) along the Rib, and 
the Shearing Force (F) across the Rib, are the resolved parts of 
QT or T ]] and L* to the tangent to the Rib. 


Now in many of the cases of practice, the angle NQT (or ¢) 
between the tangents to the Equilibrium-Curve and the Rib at 
QP, is a small angle, so that its cosine is nearly 1. Hence N, F 
are given by 

N= TB) CCU TANCly y wseasseusiveddsawssusscaassensvesseeussee (1 )s 
== T, approximately, whenever ¢ is a small angle,......(8). 
PSST SiG, asad tees ence cor eanetaate costes cctieeccsaresaeeran Se 


Again, from the equality of the angles TQH= QP, TON=tPn, 


it follows that = =f, and 7S a” soseeceesereeso( LO). 
Hence the Bending Moment (M) above explained to be equal to 

N .# is given by any of the expressions 
Mose th Sa 5 ce N 2.02, wsvavaccagsereee (11). 


{The first expression M-=H.. v is verv convevient when M has to he calculated 
for many points, because its first factor (Hf) is corsfant, and the second (v7) is more 
easily measurable or calculable than 3 or 2]. 

CarcunsTion OF Fraxcr-Aneas 
{for a symmetric cross-scotion ]. 
4. It has been explained that the cross-section is subject to— 
(1) a Direct Thrust (N) uniformly distributed over its 
area (A), 
(2) a Bending Couple of Moment M. 

The effect: of the latter is kuown to be a uniformly-varying stress 
over the cross-section of the Flanges. 

Let s: = maxininm mean crushing stress-intensity admissible in 

the Flanges. 
Mp. = uniform crushing stress-intensity developed by the Di- 
rect, Thrust (N) alone. 
== distance of centre of gravity of either Flange from the 


neutral curve. 


‘ey 
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y+ = radius of gyration of the cross-section about its neutral 
axis. 

p, = mean stress-intensity developed in either Flange by the 
bending action alone. 

y' = half depth of cross-section, 

Then the condition of working strength is 


So Mot Pyyeovevecvccccussccactvcecs (12) 
But pro = 3: etenanene SCP eae ne SHB rar tOHOH ED, (13). 
And by the ordinary Theory of Transverse Strain, 
Me 
Ps — Aye . ¥y> CROCE Hees cree eHrar He EErn as (14). 
Combining the above, 
N M 
8, = A + Awe y; eeareeneeveves bechneane (15) 
N ,M.y 
whence A= * He accurately, «ecru wee (16). 


= = +s rar S  anproximately,... wove (17)s 
because N=T space snd ¢ = Y=; ddanaslaaiihe (18). 
" T 8 . 
A= z* (1 + ps approrimately,.s....0-A19). 
This Result may also be exhibited in such a form as to show the 
Area required to resist the bending action in terms of that required 
to resist the Direct Thrust alone. Thus— 
Let A, = Area required to resist the Direct Thrust alone. 


A, = Area required to resist the Bending actign alone. 
Then | ae, CRE ey, CORRE eer ee err en (20). 


And A, = = 2 (approximately),........ vee (21). 
Hence subsituting into Eq. (19), 


A Som A, ‘ (1 ohn ) — A, + Ay ssoseaggeeeeeee(22), 
whence A. = Ay, approwimately, wrocssersecvcssarsees(28), 


a very cohvenient expression for calculation of A,. 


[The error consequent on use of this formula will be investigated hereafter, Art. 11.] 
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To praw an Equitiprarum-Curve. 


5. When the Loads form a detached system, the curve becomes 
a “funicular polygon”. When the positions of vertical lines through 
the centres of gravity of the several Loads are given, and when also 
three points in the curve (e.g., the crown and both springings) are 
given, the Problem is a determinate Problem of “elementary Sta- 
ties’, but *xzol otherwise. 

These three points, the crown and the twospringings may be con- 
sidered given when ali three are perfectly* hinged, 80 as to be incapable 
of resisting distortion, and the rise and span are also given. 

The following then is a determinate Problem of elementary Sta- 
tics :— 

‘Given the rise (4) and span (2c) of the Neutral Curve of a Rib 
‘hinged at the crown and at both springings, also the positions of 
‘‘the centres of gravity of the several Loads on the Hib, to draw 
“ithe Equilibrium-Curve.” 

The first Step is to determine the tangents at the crown: this is 
most conveniently done by calculating the vertical heights 7’, y” 
at which these tangents meet a pair of vertical liney through the 
springings. 

Let W', W’ be the Total Loads on right and left semi-arches. 

z’, #” be the horizontal distances of verticals through the 
centres of gravity of W’, W" from the right and left 
springings, respectively. 

Then the Horizontal Thrust (H) may be shown to be, (see Art. 10) 











H= EN ll = ferercryy rrr ree (24). 
Also it may be shewn that, (see Art. 10) 
W'.' » _ W". 2” 
Y= i } ¥ — a P oc POOr wane eeeveeros (25). 


By plott#g these lengths (A’k’ = 9’, A”#” = y” in figure) the 
tangents may be at once drawn. 
* If not perfectly hinged at all three points, if for instance continuous at crown, 


the Problem becomes a problem of some complexity, not solvible by elementary Statica: 
the elastic deformations would have to be considered, and the calculations involved 


would be very laborious. 
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[Of course y’ + y” = 24; this forms a check on the calculation 
of y', ¥']. 
There are two cases in which the tangents at crown form a 4ori- 
zontaé straight line, viz., 
(1), when the Loads are symmetric about the crown; this 
ease is obvious; 
(2), when the Loads are so arranged that W’.z’ = W’. 2", 
for then 7’ = 9”. 
The quantities W’. 2’, W".:” may be conveniently calculated as 
follows :— 
Let w’, w” be any Loads on right and left semi-arch, respectively. 
a’, #” the distances of their centres of gravity from right 
and left springing, respectively. 


Then 


reaomy xy = 0 “ ” 
W <—_ = = Aa i D CBS cereeesaneose ... (268), 


the summation being effected throughout either semi-arch, ¢.¢., from 
2’ or 2” =0 toc, (where c = semi-span). 

The tangents at crown having been drawn, the Equilibrium-Curve 
may now be drawn either (1) by calculation of the vertical depres- 
sion (y) of each point P below these tangents, or (2) by a graphic 
construction. 

6. Mernop 1°. By caleulation— 

Let W = Total Load between crown and any point P in the 
funicular polygon. 

z = Distance of a vertical through the centre of gravity 
of the above Load W from the (variable) point P. 

y = Vertical depression required of the point P below 
the tangent at crown. 

Then, it may be shewn a 


y= ae , (see Art. 10), ........ sovceceees( Ol }e 
4. Mernon 2°. By graphic construction.— The Method will be 


described as for a Semi-Arch, suppose the left Semi-Arch VA".~ 
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Plot the points showing the crown V and springing A’ for the 
given semi-span A’M and rise VM, and draw verticals 1, 1’; 2, 2’; 
3,3’; 4,4’; 5,5’ through the centres of gravity of the given 
Loads. 

Plot the tangent VT at the crown V for that system of Loads, 


by setting off the (already calculated) height A”4 or 7” = we at 
which it meets the vertical A”% through A’, 
Draw a vertical line mG at the distance (already calculated) A’m 


or 7’= —— which defines the horizontal distance of the centre of 


gravity of the Load W” on the Semi-Arch from the left springing. 
Suppose this line mG to meet VT in G. 


[This point G will be found to be the pole from which the Thrust-lines to be pre- 
sently drawn radiate}. 


Through G draw a horizontal line G#, and on it take Gé to re- 
a i LE 
ready calculated,) due to the given Load-system (W’ + W7”); and 
through 2, its further end, draw Tze vertical meeting the tangent 
VT in T, and take Te downwards thereon to represent the Total 
Load W’ on the semi-arch on the same scale: this line Te will be 
called the “ Load-line”. 


[It is convenient to choose the scale, so that the vertical line Te shall fall well clear, 
4. @., to left of the vertical As). 


present on any scale the Horizontal Thrust H = 








Join Ge. This line will represent the Thrust at the springing 
A’, and GT will represent the Thrust at the crown. 

(The line Ge last drawn should pass through A”. This is a check on the accuracy 
both of the numerical work on which the drawing is based, and of the drawing itself}. 

Divide the Load-line Te, beginning from T, into segments Ta, 
ab, bc, ed, de representing the several Loads on the semi-arch taken 
in order from the crown towards the springing, v7z., in the lines 
1, 1’; 2, 2’; 8, 3’; 4, 4; 5, 5% 

Join Ga, Gb, Ge, Gd. The several radiators GT, Ga, Gd, Ge, Gd, 
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Ge, represent the Thrusts in the “ funicular polygon” V12845A" 
(about to be drawn), vig., in the several lines V1, 12, 238, 8 4, 
45, 5A’. 

Last Step. To draw the “ funicular polygon”. 

Point 1. The tangent VT through the crown ents the vertical 
1, 1’ through the Load next the crown in the point 1 required. 

Point 2. A parallel to Ga through the point 1 (just found) will 
cut the vertical 2, 2’ through the second Load from the crown in 
the point 2 required. 

Point 3. A parallel to Gé through the point 2 (just found) will 
cut the vertical 3, 3° through the third Load from the crown in the 
point 8 required. 

Points 4,5. The remaining points are to be similarly found. 

Result. The figure V12345A7 is the “ funicular polygon ” proper 
to the given Load-system (W’ + W’”). 

Check on the work. The last point but one, viz., the point 5 in 
present figure, should fall on the (already drawn) tangent GA’. 

Another mode. The construction may—if preferred—be started 
from both ends V, A” at once: in this case the two branches ought 
to meet at some intermediate point, which affords a check on the 
drawing. 

8. Use or tHe Diacram.—The chief use of the Diagram is for 
finding the three quantities N, F, 2 required for calculation of 
Stresses in, and sectional areas of, the Flanges and Braces. 

Draw the “ Neutral Curve” Va'b'c'd’e'A” of the Rib; and draw 
am, b'n, c'n, d'n, e'n, perpendicular to the several sides of the 
“funicular polygon” V1<3845A". 

Then these lengths a’m, b'n, &c., are the departures of the points of 
the “ Neutral Curve” of the Rib, above denoted by 9, required for 
finding that part of the sectional areas of the Flanges (vzz., A,) 
required to resist distortion. 

Next draw the tangents (or normals) to the Neutral Curve of the 
Rib at all the points V, a’, d', c’, d', ce’, A”. The resolved parts of 
the Stresses or Thrusts (T) in the Equilibrium-Curve represented 
by the radiators GT, Ga, G2, &c., from G, taken parallel and per- 
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pendicular to the several tangents just drawn, are the required Direct 
Thruste (N) and Shearing Forces (F) over the normal sections of 
the Rib. 

But in all cases when the Neutral Curve of the Rib and the 
Equilibrium-Curve are only slightly inclined to one another, the 
Thrusts (T) in the latter (represented by the radiators from G) are 
sensibly the same as the required Direct Thrusts (N) in the former, 
and may therefore be taken for them. 

Thus the three required quantities N (or T), F, 2 are easily ob- 
tained from the Diagram. 


EFFect OF TRAVELLING Loap. 


9. When the Load varies,—covering for instance different 
lengths of, and also different portions of, the Span—the Equilibrium- 
Curve changes in shape and position. 

Now from the expressions given for the Flange-areas, and Stres- 
ges in Braces, it will be seen that— 


“ The Flange-Area (A, + A,) depends partly on the Direct 
“ Thrust (T or N), and partly on the distortion (3), and a} (28) 
greases with both ”’,.......ssescscssssscsccescccoeecesveces iasauaes 


“The Brace-Stresses depend partly on the Direct Thrust 
« (T or N), and partly on the mutual obliquity (9) of the (29). 
“tangents to the Equilibrium Curve and Neutral Curve, 
“and increase with both ”,......ccccscsesecccosncseescoce webu 


Now in general it will be found that— 


“ The Direct Thrusts (T or N) increase at all points with 

“increase of the Load, and are therefore greatest when te} (30). 
* Span is fully loaded’, ........ccsceesecenerereceeers sndwaneeaes ove 
| “Phe Equilibrium-Curves which depart most from the 

« Equilibriam-Curve for full loading lie nearly at equal ie} (31). 
“tances above and below the latter 7’, ......ccccesecseeee ore 

It is therefore advantageous to make the “ Neutral Curve” of 

the Rib fellow the Equilibriam-Curve for Full Load as nearly as 
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possible, so that the Bending Action may be very small when the 
Rib is fully loaded, and the Direct Thrusts (T or N) therefore every- 
where at their greatest values. 

It will be found also that,— 

“the greatest distortion (8), and greatest obliquity (¢), are 
“produced by different conditions of Loading at eagh point, 
“but always by a very unsymmetric Load, varying,—~ 
“from $-span loaded, ¥-span unloaded, to 3-span loaded, 
“¢-span unloaded, 
“the Load being in each case placed in the most unsymmetric 
** possible position, wz., originating from one springing.” 

It is not possible to say @ priori what distributions of Load pro- 
duce maximum distortion or maximum obliquity at each point, but 
by actually drawing a good many Equilibrium-Cuarves, the following 
cases have been thought sufficient to work out in detail, as giving 
in some part or other 

‘Large Thrust (N or T) combined with large distortion (3),” 
viz., in case of left Semi- Arch, as in Table below. 

















| Colour of 
Peer ee 
Case. | Loap-sysrem. | oy ata EFrcr. 
| Diagram E. 
| Lar 
gest values of N, T. 
* {|Fall Live Load, {Clear Black,| 4 sore? valtes of A: 
Large values of N, T. 
Live Load on right Clear Red, Great distortion below neutral 
| #-span, curve. 
4 Live Load on left; Cl age Great distortion above neutral 
$-span, Se eh curve. 


Medium values of N, T. 

Great distortion below neutral 
curve. 

Small values of N, T. 

Great distortion above neutral 
curve. 


Live Load onright| Lower 
}-span, Olear Blue, 





_ Case of Left Semi-Arch., 
[Neutral Carve a chain-dotted line}. 


’ cers 


Live Load on left 1.4. Violet 
ate 


Medium values of N, T. 


F 
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10, Formuns ror 





Let W’ = Total (vertical) Load on right half-arch VA‘. 
W* = Total (vertical) Load on left half-arch VA’. 
G'M’ is a vertical through centre of gravity of W’. 
G°M" is a vertical through centre of gravity of W*. 
A = yee } the abscissw of centres of gravity of W’,W’ mea- 

sured from A’, A”, respectively. 
Hk” is the tangent at the crown V. 


A'k’ = A”#" are verticals through A’A’, to meet the tangent at 


Po! 24 ope ow 
crown; A's’ = y, A’ = y'". 


A’n’, A’n” are the perpendiculars through A’, A” on the tan- 
perp 5 


gent at crown; A’n' = p', A'n" = p”. 
Vm = &, (the Rise of the Arch). 
By the property of the Equilibrium-Curve, the Thrust (T,, Tv") 


of either half-arch on the other is in direction V4’, Vk", and the 


two are equal and opposite. 


Hence if the Resultants of the Loads 


WwW’, W’ on either half-arch meet V4’, Vk" in G’, G”", respectively, 
then A’G’, A’G’ are the directions of the Thrusts (T’, T”) at the 


springings. 
Hence the half-arch VA’ is balanced under the three Forces T. 
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W', T’ meeting at G’; and the half-arch VA” is balanced under the 
three Fores To’, W”, T” meeting at G”. 
Hence taking Moments of these balanced systems round A’, A”, 
respectively, 
To p's W.c;3 | Tog = W" 2 access. oee( 32). 
Now the Horizontal Thrust (H) at V is the horizontal resolved 
part of T.’ or Ty", 


Hence, H = T.’.cos m’Vi' = T." . cos m’ Vk", ....2... (33), 
But cos m’Vk' = cos 2'A’h’ == ; cos m' Vk" = cos n” A" Rh” = . 
. = . Pp = ‘f pe , 
ee H — To ° y' jy . yy? poereenarertenecs 34), 


Substituting into (32), H y= W's, H. y” = W”. 2”, (35). 
Adding these, H.(y’ + y‘) = W’.a2 + W".2”. 
wees 





But y+ y’ =k 2 H= Se eeici(86) 
And from (35), y= a y" = , zene Ds 


These are the formule required for calculating H, 9’, 7”. 

Again, to find the vertical depression (y) of any point P on the 
Equilibrium-Curve below the tangent at crown V, precisely similar 
reasoning applies. 





Let W = Total Load between vertex (V) and any point P 


whether to right or left of crown. 
85 N 


18 THEORY OF BRACED AROH-—INDUS BRIDGE AT BUKKUR. 


GM be a vertical through centre of gravity of Load W. 

Then = = PM = borizontal abscissa of centre of gravity of W 
from foot of arc VP. 

ké is the tangent at crown, Pé = y (the quantity sought). 

Pé is a vertical through P me foot of arc VP) to meet the 
tangent kk, 

Pn is 1* to the tangent Zh. 

Then, as before, the Thrust of either half arch on the other is a 
pair of equal opposite forces (T., To) in the line £4 And if the 
direction of the Resultant Load (W) meet this force T,, (i.e., the 
line 4%) in the point G, then GP is the line of Thrust (T) at foot 
P of the arc VP, and the arc VP is balanced under the Forces T., 
W, T. 

Taking moments of these balanced Forces about P, 

ois, DW ores avin viavesianidoncesteraesa(O)s 
And it may be shown as before that, 


H = T..cos mVi = T,.cos Pk = T.. - saeeapion( 0). 
whence H. oT ps W acy cssciwesans seueuwie (40). 
and, finally y = =;* the result required for calculating y,..(41). 


Egor IN APPROXIMATE Formuta (19) ror France-Arwas. 


11. It has been shown (Art. 4) that the accurate expression for 
the Tota ARgga is 
_ wN M.y 
A — +- Sc. Ys"? (Eq. 16, Art. 4), 


8p 
N Té.y 
— Ny Tey 


&& be Yr" 
also that the approximate ey ig 


A= = 





of which the first member ( or 2y, is in either case ‘the value of 


the area (A,) required to resist the Direct Thrust (N) alone; and 

since N, T are very nearly equal, these two values are very nearly 

equal, ian the slight error in value of A, produced by using the 
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value T -+ a, instead of N + s (already explained to produce an 
error on safe side) is negligible. 


The remaining portion of either expression is the value of the 
area (A,) required to resist bending, viz., 


A, = ae Y= A ey. BOCUTALELY, oo sraceeeres( 42) 


&  ¥yr* 1 Yr 
_ 7.3 3 , 
— ay’ —. A, ra ’ approximately, saveveeees( 43), 


Hence, 


“ae 


Error in value of A, = Ais — = 


ty 
we) AS 


= ( i — vp y ) x approx. value of A,, (44). 








CHAPTER III.—APPLICATION TOINDUS BRIDGE, OF 
THEORY OF CHAPTER ITI. 


Srer. I.—The first Step is to calculate the Loads actually applied 
at the 20 points of suspension to the Actual Rib. This is shown 
on Calculation-Sheet A. 

The Loads originally proposed (Col. 6) by the Designer having 
been found (by a preliminary calculation) to be too heavy, this 
Sheet shows a modification of them. An unnecessary amount ol 
ballast having been provided in the original Design, it was aeons 
to remove °6 ton per foot run. 

The amount of dallast removed from each point of suspension 1¢ 
calculated at ‘6 ton x half width of two adjacent bays. 

Col. 1 shows the number of each suspension-point reckoning from 
the crown (taken as zero) outwards. 

_ Col. 2 shows the distance or abscissa (x” or #” in notation) of eact 
suspension-point from the springing, taken by scale from the Dia. 
| gTam. 

Col. 8 shows the width of bay between each pair of adjacent 
suspension-points, found by taking the difference of their ab. 
acisse. 
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' Col. 4 shows the half-width of sum of two adjacent bays, being 

found by taking the half sum of each adjacent pair of results in 
Col. 8. 

Col. 5 shows the amount of ballast removed at each suspension- 
point, found (as above explained) by multiplying the Results in 
Col, 4 by °6. 

Col. 6 shows the Dead Loads at each point of suspension as ori- 
ginally designed: the data of this column were furnished by the 
Designer. 

Col. 7 shows the Actuat Deap Loan applied at each suspension- 
point, found as the difference of results in Cols. 5, 6. 

Col. 8 shows the Fut Live Loan applied at each suspension-point 
found by multiplying the half-width of two adjacent bays (Col. 4) 
by ‘8, thus making the Full Live Load ‘8 ton per foot run. 

Col. 9 shows the Tora Loan applied at each suspension-point 
when the Span is fully loaded, found as sum of Cols. 7 and 8. 

Col. 10 shows the Live Loan applied at each suspension-point 
by a Partial Live Load not covering the whole span, taken at -9 ton 
per foot run, found by multiplying the results of Col. 4 by -9. 

Col. 11 shows the Torat Loap applied at each suspension-point 
by such Partial Live Load, being the sum of Cols. 7 and 10, 

Srep 1f1.—The next Step is the calculation of the Moments (W’.3' 
or W”’.@”) under several conditions of the Live Load, and of the 
abscissa of centres of gravity g' or x” of the Loads W’‘ or W” on the 
half arch. This occupies Sheet B. 

This has been done for six different arrangements of the live load 
on semi-arck, 

Case I. Dead Load only. 

Case II. Full Load. 

Case III. Live Load at 8 ton on }-span next centre -++- Dead 
Load on }-span. 

Case IV. Live Load at -8 ton on 3-span next centre -- Dead 
Load on $-span. 

Case V. Live Load at ‘9 ton on complete 4-span -- Dead 

: Load on $-span. 
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Case VI. Live Load at -9 ton on }-span next springing + 
Dead Load on 4-span. 

The above arrangements refer to a semi-arch (or }-span) only, so 
that by combining them in pairs, many arrangements of Load on 
the complete Arch result, 

Col. 1 shows the number of each suspension-point reckoned from 
the crown outwards (taking the crown as zero). 

Col, 2 shows the distances or abscisse (z' or 2” in notation) of 
each suspension-point from the springing, taken by scale from the 
Diagram E. 

Each of the columns marked I, II, III, IV, V, VI contains three 
sub-columns. | 

Sub-column 1, (headed Detail,) contains the Loads (w’ or w” in 
notation), taken from Calculation-Sheet A applied at each suspen- 
sion-point for the several Cases I to VI; the Total of these at foot 
of Table being of course the Total Load (W’ or W”) on the semi- 
arch for each case. 

Sub-column 2, (headed Sums,) contains the sums of the Loads 
taken from the crown outwards; this column is used in plotting the 
Equilibrium-Curves. 

Sub-column 8, (headed Moments,) contains the products of each 
Load (W’ or W”) by its distance (x’ or x”) from nearest springing, 
é.¢., wn’ or w'x”; the Totals of these being of course the Total 
Moments (W’. 2’ or W”. 2”). 

The last line but one contains the distances or abscissx (z’ or z”) 
from springing of the centres of gravity of the several Total Loads 
of the several Cases I to VI, found by dividing the Total Moments 
(W’ .3' or W" . 2") by the Total Loads W' or W”,. 

The last line contains the values of the Horizontal Thrusts (H), 
supposing doch semi-arches, 4. e., right and left of crown) loaded simi- 
larly to the several Cases I to VI, so that the Whole Arch is sym- 
metrically loaded, found by dividing the Total Moments by the rise 
of the Arch (4 == 200’). 

Sxzv III.—The next Step is the finding the Horizontal Thrusts 
(H) and Blevations (y', ”) of the tangents at crown above the spring- 
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ing Jor the case of unsymmetric Load, (1.¢., right and left semi-arches 


differently loaded). 
This is done on Calculation-Sheet C by application of the formule 


H = Witt W"2", Eq, (24) of Art. 5. 


y = Ut, y' = Te , Bg, (25) of Art. 5, 
the values of W'.2’, We .2’ being acne from Sheet B. 

As already explained (Art. 9), it has been found (by previous 
trials) sufficient to work out a few cases only of unsymmetric load ; 
the following statement shows how the values of W'.z, W”. 2” are 
taken from Sheet B; the live load originating at left epringing in 
each case. 








Reference to Sheet B. 


ATO eter neers meetew ale ok Aor ea Sea) a nee = tome 1 cen geeiptnie Antenne) penegge Birytee/ sats! arbi venbhiinmeretert otpbalpedeumilidhay 


RieautT eeu kace 


Wi. a! 
! 


TT deme taedhiatanecnantnleentie denon ded aadation 


Col. II, Sheet B {| Col. IIT, Sheet B 
Col. II, Sheet B | Col. 1V, Sheet B 


Live Loap ORIGINATING AT 
LEFT SPRINGING. Lert Semi-ARCH 


os 
W’. a. 











ne: reread te htt 6 alleen ea eniniateet nhl Aaid PLN uP SEP ents Aaa 


Case i, Live Load on 2-span, 





Case ii, Live Load on 4-span, 
Case iii, Live Load on 4-span, | Col. V, Shect B | Col. I, Sheet B 
Oase iv, Live Load on 4-span, | Col. VI, Sheet B| Col I, Sheet B 


| 


Srer 1V.—The next Step is the construction of as many Kquili- 
érium-Curves as may be thought necessary to enable, as far as pos- 
sible, the maximum values of Shearing Force (F), and of Direct 
Stress due to the combined action of the Direct Thrust (N or T) 
and of the Bending action to be found at a good many points of 
the curve, under varied conditions of Load. 

‘Phis has been done in the Diagram-Sheet marked E, by the 

‘method of Graphic Construction explained in Art. 7, for the case of 

the left semi-arch. For the reasons explained at end of Art. 9, it 

‘has been thought necessary to exhibit only five Equilibrium-Carves, 
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which are shown together with their constructive details in differ- 
ently coloured lines, viz.:— 








Colour of 


Cask. | Loavp-sysrem. gy Sieela aa EFFEct. 
ra 


Diagram E. 


a rere tintat ecm ~~ as ed 





eoateeteedah tree Herein 


Largest values of N, T. 


| "il eiie coecligctn cacti 
: ! 
(iull Live Load, [Clear Black,| Small distortion, 











Large values of N, T. 
Live Load on ~™ Clear Red, Great distortion below neutral 
#-span, curve, 
Live Load on * Upper 
3 } h-span, : ear Blue, | G rn above neutral 





Medium values of N, T. 

Great distortion below neutral 
curve, 

Small values of N, T. 

Great distortion above neutral 
curve. 


Live Load on a Lower 
4-span, - Blue, 





Case of Left Semi-arch. 


{Neutral Curve a chain-dotted line]. 





Live Load on 3 
4-span, 


Clear _ 


\ 


{reat values of N, T. 





| 
| a 
These five cases have been selected, having been found (by a pre- 
liminary trial) to give at some point or other, 
“ Large Thrust (N or T) combined with large distortion (8).” 
The lettering on this diagram is the same as on the small diagram 
with Art. 7, s0 that the detail of construction should be easy to 
follow. 
1°. The positions of the crown V, springing A”, semi-span A”M, 
rise VM, and of the verticals through the centres of gravity of the 
several Loads, (or lines through the 20 points numbered 1 to 20,) 
have been taken from the Designer’s sketch. 
2°, The horizontal distances or abscissee (A”m or 2”) of verticals 
(Gm) through the several centres of gravity of the several Load- 
systems (W”) on the Semi-arch are taken from Calculation-Sheet 
B, and the several verticals mG drawn. 
8°, The elevations (A”&, t.c., y' or y") of the tangents (V4) at 
the crown under the several Load-systems are taken from Calcula- 
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tion-Sheet C; the intersections of the tangents V4 so drawn with 
the verticals wG through the centres of gravity of the several Load- 
systems are marked G, with a circle drawn round the intersection 
(so as to avoid confusion of numerous radiating lines meeting at G). 
4°, The several Load Lines (T, 1, 2, 3,........ . 20) are vertical 
lines drawn at the several horizontal distances from the several verti- 
cals mG, representing on a scale of 100 tons to an inch the values 
of the Horizontal Thrusts (H) for the several Load-systems taken— 
for case of symmetric Load from Sheet B, 
for case of unsymmetric Load from Sheet C. 
5°, The several lengths on the Load Lines showing the Loads 
between the crown and the points 1, 2, 3, .....,... 20 of the Kib, 


O12. Ts AST, 2s TS sc weseanes T, 20; are taken from the sub- 
columns headed “Sums” in Calculation-Sheet B for the several 
Load-systems. 


6°. The rest of the construction of the five Equilibrium-Curves 
will be readily followed from Art. 9. 

Sree, V.—It has been already explained in Art. 9 that it is 
advantageous to make the “neutral curve” of the Rib follow the 
Equilitrium-Curve for full Loid as nearly as possible. Construc- 
tive convenience however requires that the “ neutral curve” should 
consist of only a few circular arcs, with common tangents at their 
points of union. 

A “neutral curve” consisting of only two cireular arcs in each 
semi-span closely following the Equilibrium-Curve for Full Load 
(clear black line in Diagram E), has been found by trial (chain. 
dotted black line in Diagram E) with two radii of 369 and 618 
feet, respectively ; the pair of circular arcs of radii of 369 feet meet 
at the crown with a horizontal tangent, so that their centre is on 
the vertical (VM) through the crown; the radius 369 feet is used 
from the crown to the 8th point, and the radius 618 feet from the 
8th point to the springing; and there is a common tangent at the 
8th point. 


{N.B.—It is possible, and even likely, that when the constructive details are 
worked ont with this “neutral curve’ for the Rib, the centres of gravity of the 
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several actual Loads may bé found not to fall on the asewmed verticals marked 
1 eS iineveccsnes 20; or again the actual Loads themselves may be found not to agree 
with the Loads assumed in Sheet A. Shonld either of these possible discrepancies 
be considerable, the Equilibriam-Curves will of ‘course be considerably affected, 
and it will be necessary to go through the whole process again, In fact the present 
Results can only be regarded as preliminary]. 


Strep. VIZ find the Direct Thrusts (T) in the bay between each 
pair of points. This is at once done by scaling (with a scale of 
100 tons to an inch) from the centre of the several circles marked 
G, to the several points marked T, 1, 2, 3,......... 20 on the several 
Load Lines. The Results are shown in Calculation-Sheet D in the 
sub-columns T. 

Strep. VII.—TZo find the distortions or departures (8) of the Equi- 
librium-Curves from the “ neutral curve” of the Rib (chain-dotted 
black line), 

This is at once done by measuring (with the scale of 40 feet to 
an inch) from the several points 1, 2, 3,.........20 on the “ neutral 
curve”? the perpendicular lengths (2) to the corresponding sédes of 
the “ Funicular Polygon ” for each Load-system. The Results are 
shown in Calculation-Sheet D in the sub-columns 2. 

Stee, VIIL—TZo find the Llange-Areas.—(See Art. 4). 

For the reasons given in Art 3, viz., the small obliquity between 
the “neutral curve” of the Rib and each Equilibriam-Curve at 
corresponding points, the values of the Direct Thrust (N) perpendi- 
cular to the normal cross-sections of the Rib, and of the tangential 
Thrust (T) in the Equilibrium-Curves are so nearly equal, that it 
has not been considered worth while undertaking the labour of 
ealculating the accurate values of the former; and the (already 
found) values of T are taken for N. 

The value of the quantity,— 

Maximum mean crushing stress-intensity 

‘ae oe admissible (denoted by « in the notation), 
for the material (steel) of the Rib; the Flange-areas(A = A, + A,) 
are now easily found by the approximate formula (19) of Art 4, 
the half depth (y’) of the Rib being taken ag 11 feet. 


The Area (A,) required to meet the Direct Thrust (T) alone is 
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at once found by dividing the Results in the sub-columns T o 
Calculation-Sheet D by 6:5. 

The additional Area (A,)- required to meet the bending action i: 
at once found by multiplying the (already found) values of A, by 


the quantity --, sincey’ = 4 x 22’ = 11’, 

The Total Area (A) required is now at once found, as the sun 
of the partial Areas (A, + A,). 

The Results are exhibited for the several Load-systems in th 


eub-columns marked A,, A,, A of Calculation-Sheet D. 

(It has not been thought worth while to work out these Results for every Bay 
bat only for a sufficient number of Bays to exhibit the maxima with tolerabl 
certainty J, 

The maximum resulting Flange-Areas (A) for each Bay are clear. 


ly exhibited by being printed in black letter type. Thus it will be 
seen that the 
Max. Flange-Area required at crown = 141 ag. iz. 
. 55 ‘5 at springing = 213 sg. nf 
Max, maximorum Flange-Area required = 268 sg. in. 

Srer [X.—-TZo find the Shearing Stresses (F) across the Rib. 
These being the resolved parts parallel to the normal cross-sections 
of the Rib of the tangential Thrusts (T) in the Equilibrium-Curves, 

(see Art. 3,) are at once found from the Diagram E, thus :— 
1°, The radii of the circular arcs composing the ‘ Neutral 
curve” of the Rib are drawn through all the points 1, 2, 3,......20, 
of the “neutral curve”; these give the directions of its normal 
sections; perpendiculars are drawn to each of these radii at these 
points 1, 2, 3,......20 of the “ neutral curve”, which are therefore 

the tangents to the “‘ neutral curve ” at those points. 

9°, Parallels to these tangents may now be drawn (with the 
parallel ruler) through the several points G on the Diagram E, ana 
the perpendicular distance of the further end of the radiator from @ 
which represents the Thrust (T) in the Equilibrium-Curve for each 
point of the “ Neutral Curve” measured on the scale of 100 tons to 


an inch) to the respective tangents. These quantities are of course 
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the resolved parts required. As this measurement can be done with 
a plotting scale run along the edge of the parallel ruler, it can be 
pretty rapidly done. 

The Results (values of F) are to i considered of opposite sign 
according as the perpendicular is measured upwards or downwards. 

‘Lhe Results are shown in the sub-columns marked F of the Cal- 
culation-Sheet F for the several Load-systems; it will be seen that 
the Shearing Force (F) varies from + 90 to — 92 as the maximum 
range, and from + 81 to — 82 at the crown, and is on the whole 
greatest near both crown and springing, and decreases thence to- 
wards the 8th point, 

Star X.—7Zo find the Stresses Rin the Braces.—These are at once 
found by the formula R = F .cosec i, (Art. 2,) which gives the 
magnitude of R. 

From the elevation of the Rib, it appears that cosec 7 = 1°5 near- 
ly. The character (as to compression or tension) depends on the sign 
of ¥, just as in an ordinary horizontal Girder. 

A few only of the values of these Stresses have been taken out 
in the Calculation-Sheet F, in the sub-column R; enough to show 
the maxima and minima. It will be seen that the 

Braces at the crown are liable to about 123 tons of alternate ten- 
slon and compression. 

Braces near the springing are liable to about 188 tons of alter. 
nate tension and compression. 

Braces at the 8th point are liable to about 48 tons of alternate 
tension and compression. 

And in general it may Le inferred from the fact of the “ Neutral 
Curve” of the Rib lying nearly half way between the upper and 
lower Equilibrium-Curves of maximum distortion (see Diagram E) 
that the pair of Braces (intended for Tension and Compression) at 
any part of the Rib will be liable to about equal amounts of Tension 
and Compression. 

{N.B.—There is a small additional Stress to be borne by the braces due to 
the cause explained in the N.B. at end of Art. 2, ¢.¥., not thonght worth while 


determining}. 
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Sree XI.—ERnog in approximates Formuna (19) ror Fianor- 
Angas, 

Applying the formula (44) of Art. 11 to the ease of the Sukkur 
Bridge, for which it appears from the cross-section apd Calculation- 
Sheet G, that 7’ == 11/ = 182", y == 184°5, y = 184234, 


192” x 134-234 ae) 
G- Tare x ais J BPPFOX. 


value of A, 
= (1 — 98) x approx. value of A, 


== ‘02 x approx. value of A:. 

Thus the approximate formula causes an error of about two per cent. 
tn excess (because the approximate is greater than the accurate 
value) in value of A;, ¢.¢., of the portion required to resist bending. 

Now as the maximum value of A, is about equal to, and nowhere 
exceeds A,, (see Calculation-Sheet D,) z.¢., is about equal to, and 
nowhere exceeds $ A or } of the Total Area, it follows that— 
“Maximum Error in Total Area} does not exceed 1 per cent., ” 

at any part of the Rib and is on side of safety. 


«. Error in value of A, = 


CHAPTER IV.—EFFECT OF WIND. 
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1, es length of any are PVP’ symmetric about vertex, 
(PV = s = VP’). 
Q& == length of chord PP’ symmetric about vertex (Pm = 
E == mP’). 
k = mV the rise of arc PVP’. 
A A 
= angle VOP’ = VOP. 
R = Radius of are. 
@ == mg, where g is centre of gravity of arc PP’. 
6 = average breadth of arc exposed to wind, in feed, 
J == wind-pressure in tons per sq. ft. = ah = a = 
‘O17857 fone per eq. ft. 
P = Total Wind-Pressure on Rib PVP’ (2. ¢., on arc 2s) 


in tons, 
M = Moment of ditto about line PmP’ in /t. tons, i, ¢., the 
* Bending Moment ”. 
Then DP 0s 2S sarecsneeuecs iieetees sinndeue( 1): 
MaDe civecieseueelasuesssesxele 
Total Vertical Pressure on sum of areas 
at feet (P, P’) of are PVP’ 
Total Vertical Tension on sum of areas 
at feet (P, P’) of are PVP’ 
y == distance between centres of roadways = 66’, 


Also Q 


il 


dueto Wind. 


=. 


Then Q=P., = “9. Hon emavenwenseeseeeweisiien (Os 


Also; 2 =: Tota] Vertical Pressure (or Tension) due to ey (4). 
at either foot of are PVP’ on one side of crown, 

+ . 2. == Total Vertical Pressure (or Tension) om inner (5 
Rib at either foot P, P’ of are PVP’, ..,scscscenses 

ee 4 ; 2 == Total Vertical Pressure (or Tension) ox “i (6). 


Rid at either foot P, P’ of aro PVP’, ..cceoveeee 
The above Pressures or Tensions are all vertical, and estimated 
over the Aorizontal plane areas of the Rib at P or P’. 
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Those vertical Pressures (or Tensions) produce 
Pressure over @ normal iene = —s (7) 


Normal or Tension Pressure X Sit Oy. veccsacsceseseces 
++ Shearing Force ae to normal section = ese, | 8) 
Pressure x cos 9,. COO OTOHETEREHEEOMEOEANTEEErenavas ( : 
Hence— 
Normal Pressure (or) of inner Rib == ~ : 2 SIN O, .seee. (9) 
Tension) over af 2 Q. 
normal section,... of outer Rib = “BZ ° We BID Byevenee (10). 
Shearing Force(+)) of inner Rib = + . 2 cos 6,......(11) 
parallel to normal } - 2 Q 
section, of outer Rib = 7 ee ee (12). 


It remains only to calculate (>) the distance of centre of gra- 
vity of are PVP’ from PmP’. Now on account of the roughness of 
the approximation (in calculation of the Total Wind-Pressure P), 
it will suffice to valeulate z as if the arc VP were for every position 
of P part of a circle with centre on the vertical VM through the 
vertex, 

And in this case it is known that Og= R= ?— Rx eee = =Rx- -. 


Hence inckntee dw 
And 5 = mg = mV— Ve = h—R. (1m )s vere 18). 
APPLICATION TO InpUs BRIDGE. 
2, Calculation-Sheet H shows the Results of application of the 
formule for effect of Wind-Pressure to the case of the Indus 
Bridge. 


Data furnished by Designer— 
Wind-pressure intensity, 7 = 40 Tbs. per sq. ft. = -017857 
tons per aq. ft. 
. Nett average breadth of Rib exposed to wind, 4 = 11’. 
Distance between centres of roadways, y = 66’, | 
Col. 1° shows the number of joint reckoned from crown (taken ’ 
as zero) outwards. 
Col. 2° shows the radius of the “ neutral curve” of Rib at each 
point of Col. 1°, (taken from Sheet E). 
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Col. 8° shows .the distance (£) of each point in-Col. 1° from a 
vertical line through the crown, (taken from Sheet B,) which is 
the same as the semi-chord required in formula (13). 

Col. 4° shows the semi-are (s) measured from crown down to 
each point of Col. 1°, taken from Diagram E, allowing 22 feet for 
each complete Bay measured along the Neutral Curve. 

Cols. 5°, 6° contain the Rise (4) and Slope (6) of each semi-are, 
taken by scale from the Diagram E. 

Col. 10° contains the vertical distance (z) of centre of gravity 
of each complete arc from a horizontal line through its two feet, 
ealculated by formula (13) for application in formule (2), (3). 

Col. 11° contains the Total Wind-Pressure upon each complete 
arc, i.¢., between crown and each numbered joint. 

Cols. 138° to 19° contain the effects of the Wind-Pressure, as 
follows :— 

Col. 13° contains the Total Increase of Vertical Pressure (4 Q) 
upon horizontal planes through each numbered joint, found by Eq. 
(3), (4). 

Cols. 14°, 15° contain the portions of above falling on the inner 
and outer Ribs respectively. 

Cols, 16°, 17°, 18°, 19° contain the effects of the above upon 
the normal cross-sections at the numbered joints of the inner and 
outer Ribs, respectively, found by formule (9), (10), (11), (12). 

It will be seen that—as might be expected— 

‘¢The maximum Wind-effect takes place at the springing ”’, 
and amounts to an 


“Increase of Vertical Pressure of 48 tons on inner Rib, } 
i 96 tons on outer Rib’’; 


the effect of which on the normal cross-sections near the springing is— 
“Increase of Direct Thrust of 37 tons on inner Rib, 
74 tons on outer Rib’’, 
** Increase of Shearing-Stress of 304 tons on inner Rib, 
61 tons on outer Rib ”’. 


And supposing the sum of Flange-Areas of one complete Roadway 
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(or of two Ribs) to be about 270 eg. in. as shown to be necessary 
in Calculation-Sheet D, or about 135 #9. ix. for each Rib, this 
maximum Increase of Direct Thrust of 37 and 74 tons upon the 
inner and outer Ribs near the springing gives a,— 
Max. Increase of pressure-intensity of ‘27 tous per 19. tn. in 
inner Rib, 
55 done per sq. tn. in. 
outer Rib. 


[It has not been thonght necessary to work out the Results for every one of the 
numbered Joints ; the Results for the six- Joints Nos. 4, 8, 11, 14, 17, 21 show all 
that is required]. 


CHAPTER V.—STRESSES IN STAYS DURING ERECTION, 


1. From the mode of erection, it is clear that the greatest 
Stresses occur in the Stays—whether Fore-stays, or Back-stays— 
when the Semi-arches are complete, and are on the point of being 
united. | 

In the Sketch-Diagram for finding the Stresses in Stays during 
erection, the position and size of 'I'restle, and the position of Back- 
stay and of its anchoring have been taken from the’ Designer’s 
sketch. At the moment of completion, the Rib would be retained 
by four Fore-stays fastened te the points in the top Boom marked 
8, 4, 5, 6, and the Tensions of these would be equalized by hy- 
draulic presses. 

The direction of the Resultant of the Tensions in the four fore- 
stays is therefore easily found, (by bisecting the angles between 
any two pairs, and also the angle between these two bisectors,) and 
is shown by a chain-dotted line OG in Diagram. 

The distance of a vertical Gm through the centre of gravity 
of the complete (unloaded) semi-arch from the springing A having 
been found to be Am = 1669, (see Caleulation-Sheet K,) the ver- 
tical Gm is drawn, and from G (the point where it cats OG) the 
Load line GD is set off to represent the Load of semi-arch, viz., 
872 tons, and GA is joined, and DE drawn parallel to GO to meet 
GA in E. 
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Then DE = 270 tons, shows the Total Tension in the four fore- 
stays. 
GE = 448 tons, shows the Thrust at the epringing. 
Hence Tension of each fore-stay = ¢ x 270 = 67} tons. 

Next to find the Tension of the Back-stays and Pressure on 
Trestle, it is clear from the mode of free suspension at the head C of 
the Trestle, the Suspension-Linle CO is free to take any position, 
t.¢., to change in direction until the Stresses in the Fore-stays, Back- 
stays and Suspension-Link itself (which all meet in O) are balanced, 
and it is clear that unless prevented from moving by adjusting the 
Back-stay from time to time, it will certainly do so. 

Now any such motion of the Suspension-Link (CO) will be— 
unless confined within very narrow limits—Aighly dangerous to the 
safely of the trestle. The direction of the line CO is in fact the 
direction of Resultant Pressure on the Trestle: now when this line 
1s vertical, the Resultant Pressure on the Trestle will be wholly 
downward vertical Pressure, and this is the only favourable condition. 

As the line CO inclines either way, there will be partial Trans« 
verse Strain on the Trestle ; this will not be dangerous so long as 
the direction of CO falls within the volume of the Trestle: when 
the line CO is directed towards either edge of the Trestle the whole 
Pressure will be on that edge, and if the line CO deviates outside 
the Trestle, the Trestle will be thrown into state of a Cantilever, 
and there will be a tendency to snap 2 across, or to lift it from its 
bed. 

It is therefore highly desirable that the direction of the line CO 
be maintained as nearly as possible vertical, and this can be done by 
pulling the back-stay Of towards the ground, so as to deflect it 
into a Curve (as shown in Designer’s sketch), and thereby increase 
or decrease the Tension in it at will. 

Provided this vertical position be maintained, the Total Tension 
in the Back-stays and Pressure on the Trestle are easily found ; 
thus— 


On OG take Oe to represent 270 tons, the Total Tension of the 
101 P 
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Fore-stays (already found), and draw eK parallel to the Back-stay 
Of to meet the now vertical line CO in K. 
Then OK = 184 tons, the Total Pressure on Trestle, (when 
the Back-stay is straight). 
eK = 810 tons, the Total Tension of Back-stays, when 
quite straight, 

Supposing that in the endeavotr to keep the line CO vertical, it is 
found necessary to strain the Back-stay O/2 into the curved form 
Of'2, the actual Tension of the Back-stay and Pressure on Trestle 
are easily found by a similar construction: taking Oe (as before) 
== 270 tons, eK’ is drawn parallel to Of’, to meet the vertical line 
CO in K’. Then as before 

OK’ = 225 tons, the Total Pressure on Trestle. 
eK’ = 385 tons, the Total Tension of Back-stay Of’ (near its 
attachment to the Trestle). 

The horizontal Thrust in the Rib, and horizontal Tension of 
Fore-stays and Back-stays is in each case the same, viz., 26% tons. 


Errect oF WIND DURING ERECTION. 


2, It remains to investigate the effect of Wind during erection. 
Consider firet the effect of a Wind perpendicular to the face of the 
Rib. This will produce a much greater straining effect on the Rib 
itself, before the two semi-arches are united at the crown, than after 
completion of the bridge; because 

(1) before union at crown such a Wind throws the Rib into 
state of a Cantilever nixed at A, of virtual length AV = 
420 feet. 

(2) after completion such a Wind throws the complete Rib into 
state of a Cantilever fixed at both springings of virtual. 
length VM = 200 feet. 

But inasmuch as before union at crown, the Rib has only its 
weight to sustain without any platform, such enhanced Wind effect 
is of no importance, and need not be further investigated. 

Consider next the effect of a wind blowing across the river: now 
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inasmuch as the Trestle must necessarily be made capable of stand- 
ing the effect of such a cross-wind of tfsel/, t.¢., before it receives 
the aid of the Tensions of the Fore- and Back-Stays, the effect on 
the Trestle need not be further considered. 

Consider next the effect of a Wind blowing across the River upon 
the under side of the Rib: this would virtually lighten the weight 
of the Rib, and so relieve part of the Tension of the Forestays, and 
therefore also part of the Tension of the Back-stays. 

Consider next the effect of a Wind blowing across the River upon 
the upper side of the Rib: the pair of Ribs expose an area to the 
Wind whose vertical projection may be roughly estimated at 200’ 
(height of Rib) x 15’, so that the Wind (taken at 40 tbs. per sq. 
ft. of a vertical surface) will produce a 


Total Horizontal Pressure i= a x 200’ x 15! = 54 tons, 


2240 
on convex side of Rib nearly. 


Half of this will take effect at head of Trestle and half at Spring. 
ing of Rib, viz., 
Increase of horizontal Tension at O = 27 tons, 
Decrease of horizontal Pressure at A == 27 oat 
As this is an increase of about ~, in the Horizontal Tension, the 
other Stresses will be similarly increased, viz., by about fy of ther 
normal amounts. 
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Carconation of Momunts (W’. 2’, W”. @”), aND oF 



































[See Step I, 
{ 
tea L Il, I. 

. _ | Dead Coad on half-span + 
g. £0 | Dead Load on half-span. | Full Load on half-span. | Live Load (at 8) on quar- 
A a) ter-span next centre, 

BP Sere a ae ee he ee See 
a fe ; ; : 
w' ora” os Sums.} Moments. as Sams. | Momeats. ss Sums. | Moments, 
OQ; ee ee eo ve ee ee ee 





rj 360°0) 35°97} 35°7| 12,852°00) 47°] 47°I| 16,956'00} 47°1; 47°I| 16,956°00 
2} 348°5) 37°74] 73°t| 12,772°10! §3°6} 100'7| 18,304"40] 53°6) 100°7| 18,304°40 





3} 3195} 385) 11316] 12,300°75) 56°) 156°9] 17,955°90] §6°21156°9) 17,955°90 
4) 297-4) 38°5) 150°L| 11,449'°90] S6°X} 213°o| 16,684'r 4) §6°1] 213°0) 16,684'14 
8} 275°5} 385) 1886] 10,606°75) 55°68] 268°8| 15,372°90} 5 5°8 2688] 15,372°90 


324°3) 14,108*10 
379°5| 12,850°56 
434°5) 11,649'00 


6} 254'2) 384) 227°0| 9,761°28) 55°5) 324°3| T4, 10810] 55°5 
71 232°8| 38:21 265'2} 8,892°96] 55'2| 379°5| 12,850°561 55°2 
8} 2118 38'4; 303°6 B U3 3121 550] 434°5! £1,64g'o0] §5'0 
9} 1914) 38'4) 3420] 7,349°76| 5.4°6) 45Q°L} 10,450°44) 54°6) 489°1| 10,450'44 
ro, 171'2) 38'4l 380°4) 6,574°08)  54'2] 543°3) 9,279'O4) $4°2/ 543°3! 9,279°04 
rt} 1518 382) 418°6 5179876) 53°5| 596°8} 8,rex°zo} 382] 581'5)  5,798"76 
12} 1330) 37°7/456°3) 501410 $2.7) O49°5| 7,009°10] 37°7,619°2/ 5,014"L0 
13) 114°2) 37°31 493° 4,259°66, 51.9) 7054) 5,9R6'9S! 37°3/656'5| 4,2.59°6 
4 96°56} 37°r) 530°7|  3,583°86)  S'x) 752°5| 4,986°26, 37°t)693°6} = 3,583°86 
15 79'2) 39°91 570°6| 3,160°08; § 53°3) 05'S) 4,281°36] 39°9) 733°5| 3,160°08 
161 63°0} 41x°3) O11’ 2,601"90) 54°2| 860°0]  3,gk4°60) 41°31 774°8} 2,60%°go 
17] 47°70} 42°81654°7| 2,011°60; §5°0) O15°0! 2,,$8 5°00 42°8| 817°6| 9 2,071°6 
18} 32°4) 47°5| 702'2} 1,539'00|  59°O] O7H'C) TyMIT'6o| 47°5|865'1) 1,539°00 
rg] 5'2! 39's! 741°7 ee 49°7/1023°7| = Gag'54) 39°51 904°6) 71 Bg 
ie 12°2) 753°9 85"40 19's'1043°2] 136 *50] 12'2/ 916°8 85"40 
at Ni Nil ee Nil il ee Nil * Nil oe Nil 
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Axssoissa or Centres or Gravity (¢’, 
Chap. Ill. - 





IV. Vi: VI. 
Dead Load on half-span + ; -.. Dead Load on half-span 4- 
Live Load (at °8) on sixth- aaa ae ete se reas Live Load (at ‘9) on third- 
span next centre, ) pare can next Springing. 


RN RR ee eA LAS CRORE 


sco |. 





en MENS LS 


Detail 
Ww. 


S enstananentetuaniietnatataintnanattoninae ad 


AARON At manent HEM menkdemnaeneantan i 


ee Detail | - 


Moments, i ms. : Moments, 





Sums 


Moments. 




















rr ete 








4vt| 44° 16,956" oof «= 486) 48°6) 17,496'00) 35'7] 35°7| 12,852*00 


§3°6| 100°7| 18,304°40] §5°7} 104°3) 19,021°55| 37°4! 73°l) 12,792*1r0 
§6°2) 1569] 17,955°90, = 58'4] 162°7) 18,658°8o] 38's) r11°6) 12,300°76 
| 59°3| 22r°o! 17,338'42] 38°5! 50% 





§6°1| 213°0) 16,684°14 11,449°90 
$5°8 268° -8| 15,372°90 57°9, 278'9] 15,951°45} 38°5) 188° 6 10,606°9 5 
324°3| 14,108'10, 5 7°7| 336°) £4,667°34| 38*4) 227°0 9,761'28 28 
_55°2| 379°5| 12,850°56 57°3) 393°9| 13,339°44| 5773 284-31 13,330°44 
38°4) 42 7°O| 8,133°L2| 57°] 450°9| 12,072°60) 57°0! 343°3) 12,072°60 
38'4| 456°3| 7,349°76| 56°7| 507°6| 10,852°38, 56°7| 398°] 10,852°38 
38°41 494°7| 6,574°08} = 56°2; 563°8} 9,621°44) 56°2) 454°2| 9,621°44 
382) 532°) §,798°76, 55°4| 61Q'2| 8,4o9"72) b5°4) 509°6| 8,409'72 
37°7;570°O) 5,0%410) = §4°O) 673°8)  7,261°80] 5 4°6) 564°2)  7,261'°80 
37°31 607°9) 4,259°0O) = §3°7| 727°5| 0,132°54) 53°71617°9O) 6,132°54 
37°11 64570] 3,583°86, 52°] 78or4) 5,110'K 4! 52°9) 670°S!  ,r10"r4 
39°95} 684'9g) 3,160°05} = 50] 83 5°41 4,356°00] 45°01 7325'S) 4,356°00 
41°3]726°2| 2,60r'go} 55°38) Borsa} 3,51 5°40, 55°81 7816) 3,51 5°40 
42°8) 769°0] 2,018'60) = 56°6) «47S! = -2,660°20! 56°6) 838'2] 2,660"20 
47°5| 816'5} 1,539'00] Gors5ir.008°3) 1£,960°20; Gors| 8987} 1,960°20 
39°5| 856"0) = 7IS'QO}  So°g T,059°2/ —926°38) 50°91 949°6| =) 26" 38 
12°2] 868'2 Bsgol = 2.0°4/1,079°6 142°80! 20°4] O70"O 142°30 
Nil] .. Nil Nil es Nil eS ee Nil 


8682} oe [163,062°22)1,979'6] oe Go40u6e Q70°O| es |156,103°82 
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Unsyumerrnic Loap. 


HorizontaL Turusts AND ELEVATIONS OF TANGENTS AT CROWN anova 
SPRINGING, 


[Seo Stef III, Chap. IIT. C. 
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i. Live Load on $-span, (at ‘8 ton). 
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on ‘ 
ig) oe 182,99 7°99 » 1877 et 
ied "887-904 = 239 
Ws = 1721383°74 
and H = r , 19238574 ey, 
“2k = 35510846, GV aBycos) tons. ~ 887-904 zon. 





sree satel. 


ii, Live Load on 4-span, (at ‘8 ton). 











He SH « 
Meer Te ofc NE as cathy 
W'. gz! = 163,062°22 84-6 
nd H = fais BOS OS EAS = as 
», 2H = 345,839°94 {3h “5998 tons. near Te 186'°6 
iii, Live Load on }4-span, (at ‘9 ton). 
W".2" = 189,494°60 y” = 1890460 376 
'g' = 129,465'96 ~ 9974 
and H = + ee 12946596 162" 
2 Ml 5898096 gy, [9 = = 
iv. Live Load on 4-span, (at ‘9 ton). 
NV". @” == 156,103'82 +p 19610382 o 
Y= qagap OTP 7 


".@ = 129,465'96 j 
eo cbang jand H = 1 a 129465-98 _ gee 
” 2H = 85,5697 “8, boas inage y = ~Ty005 r8x'3 
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Stresses 
See Steps VI., VIL, J A, = Croas-section of both Flanges to bear 
VIIL, Chap. UL, (A, == Additional ditto ditto to bear 














15-16 [1,219 4 | 192 J 1,120 | 192 


b. 
os 
es Full Load. Lond on j-span from right. 
§ . ERIRNesrae, (eee e eee 
aaa: r[ a [ a | al A rola] A, | A 
Pot cies EE. LAE SUNN ee ae. Sa 
O~ 1] O14 | 14i 141] 867 | 133 
I- 2 | 
a~- 3 
a 4 | 
4~ 57 939; 445 | F| 10) 155] 897 | 138 
5- 6 
6- 7 
7 & | 
8-— 9 J 1,012 | 156 | re 156 | 973 | 150 
Q-10 $1,037 | 160 | 4) 671167 1 g90 | 153 
YO-I1 [1,054 | 164 | #1 10 | 174 | 1oro | 156 
rt-12 11,092 | 168 | 4] 8 | 176 J1,030] 158 
43-313 11,122 | 1973 | © 173 | 1,052 | 162 
13-14 [1,553 ;, 178 | © 178 [1,074 | 165 
14-15 11,185 : 182 | © 182 | 1,095 | 168 


ry~15 | 1,294 14 | 213 $1,375 | 181 
18-19 


19—20 - 


20-91 11,387 








| z 
16-17 ii 4 9 | 202 11,347 | 177 
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wm werr Sewi~Arcu. 























go2 | 148 


the Total Direct Thrust (T). (A, = T — 6:5). 
the bending action. (A, = = A,, and A = Ay) 
D. 
Load on 4-span from left. 
Rares tae E he Sis cree Load on }-span from left. 
Load on 4-span from right. 

—s sree ante senipeeeen es Porte cree Seep eshet nes saeneeniatet apres nent a seaepmeniass ereimaes erencetienn thom ian na NTRS naar han iol 
ro [Al @ A, | A rfa[a|a.| a 
batiial what eed -—. _ 

{ re ee eee, ae | at “16 | £90. | sioet | ace aS 
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Bro} 125 { shi 63] 1&5) | 
{ $31 | 128 | 6 co} 1985] /74 : a 3%| 35 | 146 
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880 | 13 ro 239 } ate 
sso {130 | sf {rog| Barf] 777 | 120] t0 | 209 | ag 
go4 | 139 113 ee 
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ere, 
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o2 | 2374) 8571 132] tx | x32 | S64 
{ Soa | 133 "38 | ase p] 889 | 137 | 08} rar | 268 
faery ap Tee | afb 922 | 142 | 98] x23 | 265 
Peis ce i a cre, 956 | 147 84) 1x14 | 261 
pee a : a3 ee 993/153] 7 | 97 | 250 
ee a ; - et 1,033 | 159 | 6 | 87 | 246 
ee Pe : 46 He 1075 | 165 | 4§| 68 | 238 
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Suxazine Forozs (F), ann Srarsses rm Braces (RB). 


[ See Steps IX, X, Chap. IIT}. 
[R = F. cosec r]. F. 








Load on j-span L. 
Full Load. Load on #-span R. |-~ ——--| Load on g-span 
Load on j-span R. 














s F | B | ¥F | R | F R ¥ | R | 
~82 1123 | 
ay (i a5 { Sr |r22 1 “37 
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3 
-20 

4] 30 66 7 t ~29 
5 
6 
7 
8 ne 

4 32 | 48 9 { “30 | 45 
9 
Io 
IE | 30 23 { a3 } 29 
12 
18 
14 | 34 ° | = } 63 
15 
16 | 28 69 
17 | 27 ~25 { Ba t 85 
18 | 26 31 { Ee } go | 135 
19 ry ~47 1 Be! t 84 
20 |~12 ~71 | <8 69 
QE 1-35 -92 | 138 { a 50 
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HULA FOR FLANGE-AnEAS. a. 


Areas 


Partial Moments 
about neutral axis 








Deray 
| = (id. 7) 
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THEORY OF BRACED ARCH-~-INDUS BRIDGE AT SIKKOR. 


CALCULATION OF ABSCISSA OF CENTRE OF GRAVITY OF UNLOADED RIB. 








A BSCIS&.&.* UNLOADED RIB. 
Namber. 
From springing. Loads.t Soms of Loads.| Moments, 
° 370°0 10°0 10°O 3,700°00 
2 360°0 13°5 23°5 4,860°00 
I 341°S 16°3 39°8 51566°45 
3 3195 170 56°8 5,431°50 
4 297°4 17°l 73°9 5108554 
5 275°5 17°2 OL’! 4,738°60 
6 254°2 17°3 1084 41397°66 
7 232°8 17°4 125°S 4,050°72 
8 ar1'8 17°7 143°5 3,748°86 
9 IOr'4 17°9 rOI'4 3,426°06 
10 171°2 18" 179°5 3,098°73 
41 r51°8 18'2 197°7 2,762°76 
12 133°0 418°2 215'°9 2,420°60 
13 1142 18°3 234°2 2,084'°86 
¥4 96°56 18°5 252°7 1,787°r0 
r5 99°2 18°8 270°5 | 1,488'°96 
16 63'0 20°0 2or's 1,260'00 
17 47'0 21°2 g12°7 996'40 
18 32°4 21°2 333°9 68 ..°88 
19 18°2 20°5 354°4 373°t0 
20 7°0 177 372°1 123°90 
Totals, agate [et Ga,093°67 
Abscissa of 
centre of 166°9 


gravity. 
CS a Se 


* As in Calculation-Sheet B. 
+ Furnished by Designer. 
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THRORY OF BRACED ARCH—-INDUS BRIDGE AT SUKKUR, 47 
ADDENDUM BY AUTHOR. 


Ir has been pointed out* to the Author since the submission of 
this Report, that two of the assumptions made therein are incor- 
rect, viz., 

(1). The crown is assumed to be a fixed point ; 

(2). The Loads are assumed to be applied at fired horizontal 

distances from the springing, and that the correct condition 

to assume would be, that the neutral curve of the Rib undergoes 

distortion subject to condition 

Either, 1°—that each chord of the neutral curve is of fixed 
length, (neglecting the compressibility of the 
materia}) ; 

Or, 2°—that each chord of the neutral curve is compressed 

proportionally to the Thrust therein. 

It must be freely admitted at once that the Conditions (1) and 
(2) assumed in the Essay and in the calculations based thereon are 
incorrect, and the Result 2 therefore faulty, and that Conditions 
1° and 2° are the correct ones to adopt. 

The assumptions (1) and (2) were adopted solely on account of 
the simplicity of the mathematical work resulting from them. 

Thus in consequence of assumption (2), the calculation of the Mo- 
ments of the Loads is easy, and in consequence of assumption (1),— 
(taken with the condition of free joints at crown and at both spring- 
ings),——the Equilibrium-Curves can be easily drawn. This falls 
entirely within the principles of elementary Statics. 

If the distortion of the Rib be considered, an immense complexity 
at once results, for the Loads being no longer applied at fixed points, 
their positions and their Moments can only be found by an indirect 
and difficult process, being in fact implicitly determined by Condi- 
tions 1° or 2°. It is no longer a problem of simple geometry and 
simple mechanics. The Equilibriam-Curves also can no longer be 
drawn by any elementary process. The introduction of the com- 


* By Mr. E. H. Stone, Asst, Consultr, Engineer to Govt. for State Railways. 
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pression of the Rib (as in 2°) would introduce a further great increase 
of complexity. 
These assumptions are also generally acoepted at the outset by all 
authorities, ¢.9., 
(i). See M. Gandard’s Paper No, 1224 of Vol. XXXI,_ of Proceedings of Inst. 
of Civil Engineers, Art, 12 (on page 84), where the phrase 
“Thecaleulations * * * %*  %8 j%*# j.©@© * * would 


be simple and certain” shows at once that these assumptions are adopted. 
| (ii). See Mr. Bell at pages 143 to 148 of same Vol., who makes same assump- 
tions, 

(iii). See Rankine’s Civil Engineering, 6th Ed., page 541, Case IV, (which is 
case of present arch): his mode of working out his Results involves same assamp- 
tions. 

(iv), See Mr. Bell at page 79, Vol. XXXII. of Proceedings of Inst. of Civil 
Engineers, who—so far as the cases coincide—makes same assumptions, viz. No. (2). 


The adoption of a process is not of course justified by its simplicity, 
nor even by general adoption, unless it is known @ priori (or can be 
shown) that the approximation is sufficient. 

Let it be noted then, first with reference to the distortion of the 
Rib, that the points of application of the Loads will move only 

slightly, so that their Moments will change only slightly, and their 

Resultant Moment will change but little. Similarly the Total 
Stresses will only be slightly altered by this slight shifting. In 
face of the uncertainty of the data (the magnitudes of the Loads 
themselves) the errors in these quantities are (in the Author’s opinion) 
probably not worth considering. 

Next as to the Equilibrium-Curves: these will also be distorted 
with the shifting of the points of application of the Loads, and—in 
_a-certain sense—may be expected to follow the distortion of the 
* neutral curve.” 

But the separation of these curves, t.¢., of any Equilibrium-Curve 
and the neutral curve in their distorted state will not of course be 
the same as if they were undistorted: and it is quite uncertain @ 
priort whether the variation of this separation will be a relatiely 
small quantity or not, é.¢., very small compared with the separation 
which is itself a emall quantity: or in other words, whether the 


Eeror in estimating the separation is small. 
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And it is upon this separation mainly that the Benpina Mo- 
MENTS (a different quantity from the Moments of the Loads above 
quoted) and Stresses due to unsuitability of figure of the Neutral 
Curve depend. 

And herein accordingly the numerical Results in this Report, 
based on assumption of Conditions (1) and (2), cannot be said with 
any certainty @ priori to be sufficiently approximate. 

Considering the great size and costliness of the Bridge in ques- 
tion, it would be right to re-examine this, 

The mathematical work involved would of course no longer be 
simple, and the calculations would certainly be very laborious. 


A. ©. 
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EXACTION OF TASKS ON RELIEF WORKS. 


eye wanes me eee te ee a ee 


By J. A. Witimorse, Esq. C.E., Hrec. Engineer. 


ee eee eet 


Tue difficulty experienced in exacting tasks from the different classes 
on relief works has been very clearly shown in Mr. Elliott’s Report on 
the Mysore Famine, and as no details are there given, it may be of use 
to those who may hereafter have charge of such works to know how it 
was carried out by the Engineer officers, with a very fair amount of 
success in the Lucknow Division. 

We had nothing like the supervising staff allowed in Mysore, which 
(Chap. V., page 72) appears to have consisted of a Civil officer for each 
work for general duties, and for the actual work, a Sub-Overseer for every 
1,200, an Overseer for every 2,400, and a Sub-Engineer or Assistant for 
every 4,800 coolies; here, there were no Civil officers attached to works, 
and the staff for each work consisted of a Public Works officer in charge, 
and a Civil Subordinate such as a Peshkar, Schoolmaster or other avail- 
able peraon to make payments, so that all classing, ganging, hutting, 
conservancy and the thousand and one details of a relief work had to 
be attended to by the Public Works officer. 

Only one work in the Division was in charge of an Assistant Engineer, 
all the rest being under charge of Overseers and Sub-Overseers, who as a 
role worked most creditably, one native Overseer having had at one time 
as many as 10,000 people on his work, from the bulk of whom tasks were 
exacted, and that they were fairly treated is proved by the fact that most 
of his people accompanied him from one work to another 20 miles off, 
when the firat was completed. 

119 


20 : BXACTION OF TASKS ON RELIBK WORKS, 


In the Barabanki District the unit for measurement was for the 
greater part of the time, one beldar and his coolies, so that idleness was 
brought home to the actual culprit, this of course is most desirable and 
is commented on in page 80, Chapter V. of the Mysore Report, but the 
labour of measuring up in such detail is very great and takes up much 
time, and the Famine Commissioner and the Chief Engineer on visiting 
the works considered it unnecessary, and decided that the gang should 
form the unit of measurement. 

The nominal roll system by which every person’s name, &c., is written 
down when they first come, and they are placed in the same gang day after 
day, (sce para, 36, Chapter V., Mysore Report,) was tried and failed, for 
the reasons that people did not come to the work every day regularly, 
that it took so long to pick out each person’s name from a long roll of 
thousands, that half the day was lost in writing up the rolls, and the 
Public Works officer had no time for Jaying out work ahead of the 
working gangs, and thia in road work, where the work advances rapidly, 
threw every thing into confusion. 

The muster roll system described in the following rules was adopted 
and worked well, having failed only in one instance, where owing to neg- 
lect on the part of the Imprest holder, money had not arrived at pay time, 
the recurrence of this was obviated by the order for nominal rolls to be 
prepared whenever rain threatened or money was likely to be insufficient ; 
the muster rolls formed daily cash and work vouchers, and no other 
accounts were required from the officers in actual charge, as from these 
the District Engineer could prepare all the returns and accounts required 
by Government and by the Accounts Department. 

Exception may be taken to the order that only 6 inches of earth is to be 
taken from excavations, on the score that the top and presumably the best 
soil will be removed from a large area. To this I can only say that I have 
. jast been over oneof the roads completed fast June, and the whole of the 
excavations in culturable ground are under crops and undistinguishable 
from the rest of the fields, and on another road where the excavations were 
in jungle, the ground excavated has for the first time been brought under 
cultivation, whereas had deep excavations been made, the revenue of 
so much land would have been permanently lost to Government, 

The rules that follow are those which were drawn up by me for the 
‘guidance of the officers of my Division when relief works were first 
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started, modified as experience directed from time to time. They were 
found to be practicable and easily understood and worked by Native 
Public Works Subordinates, of whom I had no less than 10 in independent 
charge of works. I do not for a moment suppose they are the best 
obtainable, but they have proved practicable, which is something to say 
and may be of use to others. 


Setting out work.—-Before any work is started at least half a mile is 
to be laid out, and the laying out must at all times be kept well ahead 
of the working parties, a special gang should be kept on this work, and 
the Public Works officer in charge should give a certain portion of his 
time to it each day, as on its proper performance depends whether tasks 
can bo exacted easily or not. : 

Pegs properly levelled will be given at 50 feet intervals or nearer if 
necessary ; in embankments the profiles will be marked out with bamboos 
and string, and as these are liable to be removed, earth should be thrown 
up at each profile as quickly as possible and worked to the proper section, 
as a permanent guide for the working parties; in cutting the section will 
be given at 50 feet intervals, by cutting trenches 2 or 3 feet wide right 
across, the outer edges of embankments or cuttings and outer and inner 
edges of side drains are then to be daghbeled. 

Where the earth from side drains will not give what is requisite to 
raise the road, it will be obtained by excavating from land along side or 
from any waste ground near, avoiding sand or oasur; such excavations 
will be only 6 inches deep, and the inner edge should not be less than 
4 feet from the outer edge of side drain; the width of the excayations re- 
quired should be roughly calculated and daghbdeled out in 10 feet lengths. 

Receiving and classifying labourers.—All who come and are fit to do 
any work are to be received up to 9 a.m., and the Public Works officer 
will separate them into the following four classes, 

Class 1.—Able-bodied, who will be required to do a full task, or 75 
per cent. of what an ordinary labourer can do. 

Class II.—-Those who can do only half of the above task. 

Class III.—-Those who can do only one-quarter of the full task. 

Class LV. or special gang of aged and weakly, able to do light work 
only, these will not be tasked. 
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People who from age or sickness are unable to do any thing will be 
sent either to the poor house or hospital ; the greatest possible care 
should be exercised in classing, and when there is any doubt as to the 
class, the person should be placed in the lower. 

The classes are to be kept quite separate on the work. 

Ganging.—This may be most conveniently and speedily done when 
classing, the people being classed and ganged at one and the same time. 
Gangs should consist of from 10 to 15 beldars and a sufficient number of 
coolies, but no gang should contain more than 100 persons; no men 
should be allowed to do coolies work until sufficient beldars have been ob- 
tained to employ all the women and children. Each gang shall be under 
a mate, who should be selected from the people. The mate will be respon- 
sible for keeping the numbers of his gang together, and for the tools 
supplied, and when the gang is formed, his name, the number of men, 
women and children forming his gang, and the tools issued, will be en- 
tered in the muster roll by the writer of the section. 

Each gang as formed will be told off to the work and shown what to 
do and how to do it, some good mistries being employed for this purpose. 

Measuring up.—~Will be done by the Public Works officer assisted by 
his mistries every afternoon for each gang, and this, if the setting out 
has been properly done, will be a very simple matter, as only the length 
will have to be measured, and the depth (6 inches) tested ; as each gang's 
work is measured, all matams and irregularities should be cleared off, and 
the excavation left square right across, so that work can start fair next 
day, any gang not doing the allotted task are to get the minimum wage. 

Paying.— The wages earned by each gang will be entered by the Publis 
Works officer in the muster roll of the gang, which will be made over 
to the paying officer, who will always be a Civil officer or subordinate 
appointed by the Magistrate of the District, and unconnected with the 
Pablic Works Department; and one such paying officer will be required 
for every 2,000 people. At pay time the writer of the section will accom- 
pany his gangs and see that the tools issued as entered in muster roll are 
all returned before any payment is made. The gangs will be made to 
sit down, the muster rolls will be given to the paying officer, who after 
paying will enter the amount actually paid and return the muster roll to 
the Public Works officer as his cash voucher. 

Paying should commence not later than 5 r.m., and be completed by 
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7 p.m., i. ¢., 2,000 people should be paid easily by one person in two 
hours. 

Scale of wages.——-Will be fixed by the District Engineer under the 
Magistrate’s orders, for each work according to the price of grain; the 
wages for each rate and class will be found in the printed table attached 
to G. O. No. 1801 A.C., dated 12th Beptember, 1878. The District Engi- 
neer will give the rates in writing to the officer in charge of each work. 

Nominal Rolls.—If from any cause such as likelihood of rain or in- 
sufficiency of money (this latter cause ix invariably to be reported and 
explained to Executive Engineer), it is feared that payment cannot be 
made the same day, nominal rolls in the form attached must be prepared 
by the writers as soon as the gangs have been got to work. The muster 
rolls will be prepared as usual. 

Nominal rolls must also be prepared the day before the weekly holiday. 

Sundaya and Holidays.—Sunday will not always be a holiday, one 
day of rest will be given each week, and Sunday should be selected as 
often as possible without letting it be a regular thing; the day before 
the rest day, nominal rolls w:ll be prepared and made over to the paying 
officer who will pay those entered, if they are present at the time ap- 
pointed, persons presenting themselves for the first time on a rest day 
should only be taken on if in great distress, and should then receive the 
minimum wage only. 

Amount of tasks.— The District Engineer will fix the task for each 
according to the soil and season, the following details are given as a 
general guide :— 

In May in fairly hard soil a beldar of Class I. dug 200 cubic feet in a 
day, and this was increased in August, after rain to 250 cubic feet. 

The number of coolies to each beldar will depend on the lead; a strong 
woman carries 100 cubic feet of earth in 225 baskets, and a child of 
10 to 12, in 480 baskets, the distance allowable for a strong woman is 
12 miles per day, so that with a lead of 100 feet, a strong woman is 
required for every 150 cubic feet dug, but as on relief works only 75 
per cent. of an ordinary day’s labour is to be taken from Class FE. It fol- 
lows that, for— 

50 feet lead one woman is required for 225 onbic feet dug. 
100 = ,,_~Ssiéatwo)=t«s,:Ssoaare i, 3: 
For the other classes the numbers must be doubled and quadrupled. 
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In fixing tasks care must be taken not to make them too heavy at first, 
but to work up to what is considered a fair task, giving notice the pre- 
vious day of each increase. 

. Petty Establishment.—A writer to write up muster rolls, nominal rolls 
and assist in ganging, &c., will be allowed for every section of 500 people, 
and for every 2,000 people, one extra will be allowed to look after the 
tools, see to their repairs, and the accounts of the repairs gang, which he 
will also act as mate of, these men will get Rs. 10 to 15 a month. 

One mistri capable of laying out and supervising the work will be 
allowed to every 500 people, these mistris will get from Rs. 8 to 15. 

Accounts.——The officer in charge will keep his Imprest Cash Book and 
Daily Report Forms according to Code Rules, they are to be written up 
every day and submitted to District Engineer as often as he may order, 
the only other accounts to be kept by the officer in charge of the work 
are the Muster and Nominal rolls in forms attached. 

From these accounts the District Engineer will be able to prepare the 
Monthly Day Books and the Weekly Returns of numbers and cost, and 
the Monthly Nominal rolls which have to be submitted to Government. 

Supply of Money.—Funds will be allotted to the District Engineer, who 
will arrange with the Magistrate of his District for a sufficient supply of 
copper money; cach officer in charge of a relief work should be an 
Imprest holder, having an imprest sufficient for at least three day’s pay- 
ment. The Imprest holder will each day supply the paying officer with the 
money required for payment, and will enter the amount actually paid in 
his Cash Book, attaching the Muster roll or Nominal rolls as vouchers, and 
sending his Imprest Cash Book to the District Engineer for reconpment 
as often as ordered. 
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BOAT BRIDGE OVER THE RIVER RAVI AT CHICHAWATNI, 
PANJAB. 
[Vide Plates I.—ITI.J 


By Rar Banapur Kunuya Latt, Assoc, Inst. C.E., Exec. Engineer, 
P. W. Dept., Panjab. 


Tax above boat bridge was formerly straight, of the old usual construe- 
tion, viz., boats supported against the stream by munj cables and anchors, 

In the heavy rains of 1876 it was swept away, and was reconstructed 
in 1877, in a new curved form with boats supported on a strong iron 
chain, without any anchors in the river on the up-stream side. 

It has cight anchors, or one to every alternate boat, on the down-stream 
side with munj cables, and about 20 feet of #-inch chain to each at the 
end, attached to the boat to prevent ihe bridge being blown up against 
the river by high winds. 

Plate No. I. shows the present general form of the bridge, and Plates 
Nor, II., III, contain the constructive details. 

The up-stream chain is a one inch short linked iron chain called “crane 
chain,” and the down-stream chain a #-inch stud chain. 

The bridge consists of 16 boats in the cold weather, and 18 boats in the 
rains. The boats are large, of standard pattern, and the superstructure 
is also of standard pattern, on plan and specification published in Roorkee 
Professional Papers, see Vol. IV. of Ist Serios, Paper No. CLXVIIL 

The ends of the trussed girders are cased with sheet-iron, see figure 7, 
Plate No. III., to protect them against rapid wear and tear. 

The chains are fastened to the boats at bow and stern, by means of stout 
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wooden blocks and iron forks, see figures 8,9, 10 and 11, Plate No. III. 

The ends of the up-stream chain are seeured to a mass of concrete of a 
trapezoidal shape, 10 feet wide at the back, 15 feet at the front, or to- 
wards the river, 16 feet long, and 12 feet decp, see figures 2, 3 and 4, 
Plate I. 

The mass of concrete has a rectangular hole in it, 8 feet high, and 1 
foot wide, through which the chain is passed, and fastened to a stout 
block of wood 7 feet long, 12 inches wide, and 18 inches deep, placed 
horizontally at the back of the mass of concrete, which is made at right 
angles to the direction of the chain, and secured to it by means of strong 
iron bolts attached two other pieces of wood, laid vertically on the sur- 
face of the concrete, as shown in the figure. The chain is wrapped round 
the block of wood two or three times, and the end links fastened to other 
links of the chain, by means of thin telegraph wire, in two or three places. 

The semi-circular well at the back of the mass of concrete admits of 
this fastening being examined and re-adjusted whenever necessary. The 
ends of the horizontal block of wood to which the chain is fastened are 
built 6 inches on either side into the masonry of the well, and the open 
space between the block and the surface of the concrete is filled with 
short pieces of wood, bolted to the vertical pieces. 

Each end of the down-stream chain is firmly moored to an iron anchor, 
secured in its place, 5 to 6 fect under ground, by means of six strong 
pieces of wood laid against it, at right angles to the direction of the 
chain. 

The chain is wrapped ronnd the iron anchor, and the end links fastened 
in two or three places to the other links of the chain, with thin telegraph 
wire, in the same way as the up-stream chain. 

The upper chain, which is 1 inch in diameter, is tested to 16 tons, and 
has a breaking strain of 32 tons. 

The maximum strain to which it is subjected in the bridge during 
heavy floods is about 8 tons, which is its safe working load, so that there 
is no fear whatever of its giving way. 

The efficacy of this chain was fully tested in the heavy rains of July 
and August 1878, when heavy floods came down the river, and subjected 
the chain to an unusual strain. The chain stood perfectly safe, and 
the bridge was maintained and kept open for traffic throughout the 
floods. | 
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‘ The lower chain has a proof strength of 8 tons, and breaking strength 
of 16 tons. 

The strain on the upper chain is calculated as follows:— 

It has been found, from actual experiments, that the tension of one 
bridge boat, loaded with superstructure of one bay, is about 60 tbs. in a 
velocity of 3 feet per second. Of the 18 boats inthe bridge during the 
rains, 6 boats in the middle, or in the strongest current, are subjected to 
a velocity of about 10 feet a second, 6 to a velocity of 7 feet a second, 
4 to a velocity of 5 feet a second, and 2 to a velocity of 3 feet a second. 
Now the strains in different velocities vary as the squares of the velo- 
cities, therefore, 


The strain on the middle 


6 boats is equal to G xX aa =: 4,000 tbs. 
Ditto on other 6 boats = 6 x —-%° = 1,960 , 
Ditto on 4 boats 24 a le = 66, « 
Ditto on 2 boats =2x 60 = 120 


Total ... 6,746 ths. 
Add for waves at ono-fourth of above = 1,686 ,, 


Laman 


Pressure of wind, in a hurricane, at 400 tbs. per 
boat and superstructure of one bay=18x400 = 7,200 ,, 





Total strains = 15,632 ths. 
== 7 tons nearly. 


Now the strain in the middle of the chain is S = oi 
Where L = weight, 
O, the chord or span, and 
V, the versed sine. 
If the versed sine were made one-eighth of span, then § = L. 
In the case of the Chichawatni boat bridge, : 
L, = total strain on the bridge. 
== 7 tons. 
O = 644 tons. 
V = 80 tons. 
Therefore $, or strain in the middle of the chain = L = 7 tons. 
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Strain on the chain at each end = 8 x sec of angle of chain with 
the span, (which being 27°) = 7 x 1:12232 

== 7°856 tons. 

Therefore the maximum strain on the chain is 7:856 tons. Its safe 
working load being § tons, or half the proof strength, it is quite strong 
enough to support the bridge. The lower chain also adds 4 tons to 
the safe working load of the upper chain, so that the bridge is perfectly 
safe, even if a heavy flood and strong wind came upon it from the up- 
stream side, a contingency which can seldom, or never, happen. 

The above form has been adopted for this bridge, owing to the river 
at Chichawatni being confined between two bold and defined banks. 

The advantages of this construction over the old system of supporting 
boats with munj cables and anchors, are cheapness and permanency. 

Bridges on the old plan require temporary anchors and cables, which 
involve constant renewal and consequent serious expense. The anchors 
also often fail to hold, owing to the shifting nature of the beds in many 
of the rivers. Besides grass rubbish, branches of trees, floating logs, 
and wrecks of boats, &c., coming down the river, especially in floods, 
catch on the cables, which, when the anchors hold, become so deflected ag 
to be actually vertical, causing the bows of the boats to be deeply 
buried towards the up-stream side, which subjects the bridge to severe 
strains, This was very much felt at the boat bridge at Shahdera during 
heavy floods, so much so, that the bridge, when on the old plan, caused 
very serious inconvenience, and sometimes gave way, leading to the loss 
of a great portion of superstructure, and sometimes of boats also. 

The old bridge at Shahdera bas also been replaced now with a bridge 
in the new curved form exactly similar pattern to that at Chichawatni, 
but at Shahdera, the river being wider, there are 24 boats in the bridge 
and the length of the crane chain supporting the boats is 1,300 feet. 

The mode of construction is the same at both places. 

In streams with low or shifting banks, the old plan is the only one 
that can be adopted, viz., straight bridge, with boats supported on cables 
and anchors. 

K. L, 


LanoRE: 
28th February, 1879, 
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No. CCC. 


HYDRAULIC MEMOIRS. 


New RESEARCHES ON THE EXPRESSION OF THE CONDITIONS OF 
MOTION OF waTER IN Drains, sy M. Poprorr. 


Report of a Commission of the French Academy of Science on the above. 
Commissioners: MM. de la Gournerte and de Saint-Venant (reporter). 


Trans. by Capt. ALLAN CUNNINGHAM, R.E., Hony. Fell. of King’s Coll, London. 


Translator’s Preface.—The Report here translated is published in No. 20 of 
Vol, LXXXVIL. of the Comptes Rendus of the French Academy of Science for 11 
November 1878. As the Memoir is described as an important work, this warranta 
this introduction of it to the profession in India. 


The Author of this considerable work, on which he wishes to have the 
opinion of the Academy, explains that the known formule for water in 
motion applied in the usual way give for sewers discharges much less 
than the actual* discharges; whence it follows that their habitual use 
tends to give for these subterranean conduits of urban waters dimensions 
or slopes far greater than what is necessary, and thus involves their ad- 
ministrations in ruinous expense. 

He seeks therefore new sclutions. Althongh bis mode of solving 
questions concerning them may be matter of dispute, his work has the 
advantage of taking up several of them, of recapitulating little known 
results, and of presenting several practically useful considerations. It 
deserves therefore to be examined with care. 

® He quotes on this point several English publications, such as the Proceedings of ihe institution of 
Civil Enginerra; On the Main Drainage of London, by J. Bazalgette; Opinions of Messra. B. Chad- 


wick and R. Rawlinson ; and especially, Sanitary Engineering, a guide of consiruction of works of sew- 
age and house drainage, by B, Latham, 1878, 
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The formule for uniform motion of water which he makes use of are 
those of Prony and Eytelwein, and especially those of Mr. Weisbach. 
It is convenient in the first place to collect these and to define their 


meaning. 


It is known that if we style, with the usual notation, 
w the area and xy the wetted perimeter of the cross-section of a uniform current ; 


Us 2 its mean velocity, the quotient on division by w of the discharge Q in 


eubic métres per second ; 

I. the length of a portion of an open channel, or of a pipe having its origin and 
its outfall in the water of two reservoirs ; 

f the fall or head, being the difference of level of the fluid surface at the two 
ends of the part L. of the open channel, or of the surface levels of the water 
in the two rescrvoirs which are joincd by the pipe; 

h 
L 
J, in the pipe, the virtual slope, playing the same part, and to which must be as- 

signed the following value, so as to take account of the portion of the head 
A which is expended in impressing the mean velocity U in the pipe ; 


f either | a—5-[an + (i- 1)'] bod 


} 
. | 
= 1 eee =) LL, where px == ‘82, if m = ‘62, 
7 (1) 


the constant slope per metre of the open channel ; 


i= 


Jed i 
— 12 2 
1 or ja— 5 [p224(— -1) | tae 


{ =jr-5(—) Jou where p == '79, if ate 


according as the tube is only a short “adljutage”, incapable of impressing on the 
stream-lines at their exit differences of velocity comparable with those which oceur 
in each cross-section in a uniform motion, or according as itis on the other hand 
long enough for these differences to become fully* established. 


It is known—I say—that if, I being the weight of a cubic métre of 


the fluid, we denote by 114,U? the resistance of the sides per square 
métre, then as [lwl or MwJ = XI1d,U? is evidently the condition of 


1 2 
* Navier and Bélanger used to write between the brackets 1 -{- (= =~} ) which gives = -85 

a 
instead of °83 as given by experiments on “ adjutages” (nozzlea or deHvery-pipes), when forming 
an equation of motion In which the half of the vis viva of translation lout in eddying action is 
i(.. =» 1 yo per unit of mass of fluid diecharged, m being the coefficient of contraction at ite 


entry into the pipe. M. Boussinesq has shown in a very plausible way, by the differeuces of velo- 
city of different stream-lines, &c., the addition of °11 ox ‘32 to be made—as the case may bet the 
binomial between the brackets. 
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dynamic equilibriam of the fluid contained between two sections at unit 
distance apart, we have 


I, ord bU, oesccsvcncensssccsscvecsoeacees( ay 


an equation in which 3, is a coefficient of order ~ 1, being the quotient 
of a number by a linear unit. 


According to figures given in English feet (== °8048 métre) in Mr. Popoff'’s 
Memoir, we have in métres according to Weisbach, 





"00002 
Open channels, 6, == °0003776 +- : 7 oF tisatiswannelay) 
or nearly as given by Eytelwein ; and according to the same or to Mr. Bornemann, 
e ” 
Pipes flowing full, 5, == °000191 -+- eT tseernneanenee 


SILIN EY Tae oat 


whilst Eytelwein proposes 6, == ‘000280 +. — “qj > OF more simply, 
B90 976 ee cctets teseasessneabadiasbaeeawaneaunee): 
The author next quotes Mr. Weisbach as having given for calculating 
the velocity in a pipe under a head A the following which results from 
substituting the value (1) of J into (2), viz., 


1+(5-1)+ 296, 
an expression in which M. Weisbach suppresses the second of the three 
terms under the root if the sensibly still water of the upper reservoir 
enters into the pipe without contraction. 
And in this he suppresses even the first term 1 if the water enters 
with the velocity U already acquired, or even if the length of the pipe 
is great enough to make the last term the most important, whence 


Ux ee (where Fe ae ice 487, if pp = *82)...(6); 


Twh ee 
U= ; 2m the same as (2) on substituting 7 for I or J, ...... (7). 
{ 


After the above explanation, it is convenient—in order to give readily 
an idea of Mr. Popoff’s work—to study the examples 1, 2, 3,4, 5 which 
he gives at the ond of his Memoir and the Appendix following. 

In the second erample, he inquires what would be the velocity of exit 
of the water from a sewer or large horizontal pipe having a length L = 
410 métres, and 4 circular section of 2/1336 métres diameter, if the 
water be forced in horizontally with a velocity U, = 1™-2192 (4 feet) 
per second. 

None of the known formule admit—says he—of this question being 
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solved, for they are not applicable to canals or conduits without slope or 
without effective head. He solves it by forming an equation 


3 UF — b U2 = EE gB,U, crsseee cssecsvesseeseee (9) 


which is of fourth degree in ./VU after putting for 5, the expressions (4) 
assigned by Weisbach, and he finds by means of a table previously cal- 
culated 


U= 0, +/1 =e 2 9b, = 1566 feet, or 477 métre per second,...(10). 


The Equation above found (9) amounts, on multiplying it by the mass 
wat of fluid discharged in the time-element dt, to expressing that 


the half vrs viva of the fluid entering the pipe is equal to the half vis 
viva of that which leaves it together with the work XLIIb,U?Udt done 
against the resistance of the border in the same time. It would be exact 
if this resistance could be considered as having, from one end of the pipe 
to the other, the intensity which it would have if the velocity, the fluid 
gection, and the wetted border were everywhere U, w and X; admitting 
moreover that the passage from the velocity Uy, to the decidedly less 
velocity U be made so gradually as to cause no eddying action, and 
no loss of ws viva of translation. 

But if the decrease from U, to U is suddenly made, wo shall remark 
that it would be necessary to somewhat increase the second meimber of 
the equation on account of this loss, and the equation would give a de- 
cidedly smaller value for U, 

What would take place in this respect, viz., the way in which the water 
would behave during its passage from the value U, to the value U of 
the velocity would certainly depend on the volume forced in, which does 
not appear in the equation, and which evidently could not all enter the 
pipe if its volume exceeded a ceitain quantity. 

In the third example, the Author proposes to derive from theory, taking 
as example the main pipe of the left bank of the Seine, the discharge of 
4”°63, which he thinks may be taken from a Memoir* of our lamented 
coadjutor Mr. Belgrand, by supposing its total fall 1-64 distributed 
uniformly thronghout its length of 5,339 métres between the Biévre and 
the Alma syphon, whereas Prony’s and Eytelwein’s formule only furnish 
a discharge below the half of this. 


® Memotr on the main pipe of the Blévre and on the Alma syphen, 
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To this end, and in order also to bring the theory into accord with four 
observations of discharge of pipes in London, which he quotes in his 
Appendix,* Mr. Popoff modifies radically the formula given by Navier, 
Bélanger, &c., for the velocity U assumed in a pipe under a head A. 


In place of the last term 2g), xe under the radical in the denominator 


he substitutes 


49b, = OOCAFE OOH SHHREHE OED seeveceerossee( 12), 


so that whenever—as he has explained—the two first terms may be 

suppressed, there would be obtained the expression U = h = 7 mi 
i 

which he uses in bis examples instead of Eq. (7), U = =/pst. Z ioe 


We shall not explain here the reasons given for this ae which 
makes the formula non-homogeneous, and in which we are unable to 
agree. But we decidedly approve the necessity which the Author shows 
of some modification. 

We might seek to effect it by giving smaller values to the coefficient 
of resistance b,; for if in place of that of about -00038 assigned to it 
by Prony, Eytelwein, and Weisbach, we had taken for the Paris sewer 
6, == °00016, which results from the more recent experimental researches 
of M. Bazin on channels with sides of polished cement, and if for three 
of the four London drain pipes of stoneware we had made use of Darcy’s 
experiments on new cast-iron giving ), = ‘0003, we should have obtained 
results rising to three-fourths and two-thirds of those given, as said, by 
experiment. 

There is also much uncertainty in the slopes and sections, for not to 
mention that they are not constant in the Paris main, Mr. Belgrand has 


* The examples quoted by Mr. Popoff are the following extracted, except the first, from a 
to the Board of Health in 1850 by Mr. Medworth. 
















aris main, ‘i ‘ re 52) “00016 | 4°68 1°48} 
Z "Sewer Pipe No. 1, weed “OL *O762 | °00456 2494 | 01805 | 00019 =| *Cus4d | 1-190 
” oof 2, enn} “OF “7016 008108 | *B81R2 ‘0964 | Q00RKA | O1GBG | | 8887 

on ad By owe “OT 3694 | O01 8R4 ‘4788 ; -O8R1 ‘HOUBRE | ‘Q2997 | 1 648 
oes Ogee} °00225 *1624 | ‘01824 | °4788 joeeee 0000476 | O2227 | 1271 
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well remarked that when sewers discharge into the air and not into water, 
the slope of the fuid surface within may greatly exceed that of their floor, 
and the motion is thereby accelerated. 

In the first example, the Author, estimating the quantity of water for 
domestic use passing from each house at two millionths of a cubic métre 
per inhabitant per second, and adding the rain water, calculates the slope 
to be given to a pipe which shall lead them to the sewer in such a way 
that they may have as far as possible a velocity of at least -9 métres, 
which he describes as “ self-cleansing”’. Sir Baldwin Latham had before 
remarked that to avoid frequent and difficult cleansings, it is better to 
give @ much higher slope to the upper branch pipes than to the mains. 

In the fourth example, he makes a similar calculation for the waters 
of a whole town such as Odessa. 

In the fifth, the Author supposes that a main discharging a mass of 
water m is met obliquely by an affluent which carries a mass m’. He 
sttempts to calculate the loss of head which results from this meeting. 
We consider it is not worth while exhibiting and discussing the method 
which he adopts for this; for we think that the desired regults will be 
obtained in a more certain way by forming the usual equations, whether of 
quantities of motion or of the work expended in motion and in resistance, 
and of vires vive both impressed and acquired, in calculating by known 
theories the loss of each, especially where they change rapidly in magni- 
tade. 

To sum up, Mr. Popoff’s Memoir of December 1876 shows very clearly, 
by citing # certain number of experimental facts the probable necessity of 
new formulm for the calculation of the velocity in sewer mains, either 
by changing the known numerical coefficients, or by considering the 
motion of the water in these subterranean channels as being in general 
variable or non-uniform, &c. 

He proposes several problems, the best solutions of which it is desirable 
that hydraulicians should seek. These are, recapitulating them here ;— 

1°, That of the velocity assumed in a long distributary supposed 
horizontal by water uniformly forced in with a higher velocity, distinguish- 
ing—if the case arise—the cases in which the decrease of velocity ovcurs 
quietly or gradually, from those in which it can take effect only suddenly 
or with disturbance, a matter which may depend on its volume; a pro- 
blem which may serve as a preliminary to other more practical ones, and 
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in which the small necessary afflux of the axis of the injected stream 
should be taken into considerution. 

2°, That of the taking account more generally of an initial velocity 
or velocity of entry in pipes or mains having any slope whatever. 

3°, That of the motion of water in a main receiving many affluents, 
continuous or temporary, with various slopes. 

4°, ‘hat of the motion which occurs when a main or a pipe discharges 
wholly or in part in the air and not into water, which causes therein a 
depression making the motion variable. 

Although Mr. Popoff has not given in a certain way the solution of 
these delicate questions, he has made himself assuredly most useful to 
Science and Art, by making and exhibiting novel considerations with 
quotations of facts which may lead to their resolution with greater cer- 
tainty. We therefore recommend thanking him for his great work, and 
inducing him to collect and publish as many results of observation as 
he can, accompanying them with the detail of the circumstances connect- 
ed, in order to furnish the elements of elucidation of the matters to which 
he has devoted his labour with so much perseverance and zeal. 


A. ©. 
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JAMNA RIVER SUSPENSION BRIDGE, CHAKRATA 
ROAD. 
[ Vide Plates L—III.} 


ROR me nee ee ee 8 ee ee ae 


Tue papers regarding the design, execution and testing of the above 
noted bridge have been sent for the Papers by the Inspector General, 
Military Works, at the kind suggestion of Sir Andrew Clarke. They 
are somewhat voluminous, but the following selections from the case 
will it is hoped prove interesting. No attempt to show detail has been 
made, only to give a general idea of the work. 

The estimate for the bridge was made out by Major Browne, 8.E., 
and submitted for sanction by Colonel A. Taylor, C.B., R.E., in Decem- 
ber 1873, with the following Note. 


Note by Coroner A. Tayror, C.B.,R.E., Chief Engineer, Military Works, 
on the design for a suspension bridge over the Jamna River near Kalsie 
on the Saharanpur and Chakrata Road, 


The cart-road from Saharanpur to Chakrata crosses the Jamna in the 
5ist mile, 

Area of catchment basin.—-At this point the area of the catchment 
basin is 895 square miles (Surveyor General's letter No, 948 of 10th 
June 1872). 

The bed of the river is composed of bonlders, some of which are of 
very large size, meastring upwards of 200 cubic feet, and has  longi- 
tudinal slope at the rate of 35-9 feet per mile. 

Surface velocity in floods—The greatest actually measured surface 
velocity, of which we have information, is 15 feet per second, but it may 
be accepted that it occasionally is more than this. 

Rise in floods—The flood level shown ia about 1} fect above the 
highest of which we have reliable knowledge, but the discharge when 
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the river is at this level is so greatly out of proportion to the ares 
drained, that we must be prepared occasionally, though perhaps at long 
intervals, to encounter floods of much greater magnitude. The design 
meets this necessity, and the abutments are so arranged as to admit of 
their being turned by the river without the stability of the bridge being 
thereby endangered. 

Site.—The site has been well selected by Major J. Browne, R.E. The 
stream here occupies the centre of the bed, which rises from the water on 
each side with a fairly uniform slope until it reaches the defined bank. 

Existing suspension bridge in the neighbourhood.—Above the site a light 
suspension bridge for foot passengers and cattle was constructed some 
years ago, having a central span of 200 feet (from centre to centre of the 
piers) with a half span on each side. The distance from face to face of 
abutment being thus 400 feet. The southern of the two piers was under- 
mined by the stream during the floods of 1873, and destroyed, and some 
little difficulty is experienced in keeping the river confined to the space 
between the two abutments. 

Referring now to the design. 

Suspension form why selected.—Foundations for a permanent bridge 
must in such a violent stream be costly and difficult of construction. 
Fience large spans are desirable, and the suspension form has been adopt- 
ed as meeting this in the most economical way. 

Length of bridge, headway, width of roadway.—The total length of 
waterway provided is 500 feet. This bridges the whole stream, and is, 
I think, precisely suitable. The headway above the highest known flood- 
level is to the bottom of the stiffening girder, and is not a straight line, 
but rises in the centre of the span to 10-0 feet, and may be accepted as 
adequate. The width of roadway is 14 feet inside the railings. This is 
sufficient for a single line of carts, and fully meets the requirements of 
the traffic which this bridge will have to carry. 

Load the bridge is capable of carrying.—The iroh-work has been given 
dimensions to fit it to support a dense crowd of men or a continuous 
string of Jaden hackeries. 

. Depth of foundations. We have no knowledge of the depth to which 
the bed may be scoured or moved during heavy floods. On this point 
we cannot expect any evidence until the excavation of the pits for the 
foundations hes made good progress. ‘The design and estimate provide 
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for foundations placed at 30 feet below low-water level, or 25 feet below 
the lowest part of the bed. This is a very full allowance, and probably 
in excess of what will be found to be required. 

Plan of the crossing mislaid.-~-The plan of the crossing has been mis- 
laid, but this is not of much importance, as there is no peculiarity in the 
approaches, which moreover form part of the estimate for the road, and 
not of that for the bridge. 

Project very carefully prepared.—The project has been most carefully 
prepared by Major J. Browne, R.E. 

Estimated cost.—The estimated cost of the work is Rs. 8,05,458. 


The length of the road is 610 feet from out to out. The cost per foot 


is therefore © °*? — Re, 500-74. If rated on the waterway only, the 


610 
cost per foot run would be a = Rs. 59892. 


(Sd) ALT. 


Free Extracts from Report and Estimate by Major Browne. 


The bridge has one centre span of 250 feet clear, and two side bays of 
180 each. The versed sine of the curve of the chain is 26 feet. 

The greatest depth of water at highest flood is 12 feet, and the head- 
way is 8 feet above H. W. M. at piers, and 10 feet in centre of river. 

The piers and abutments are founded on solid masses of concrete 
10 feet thick, laid in excavations 25 feet below lowest point of bed. The 
concrete was laid in a sort of cofferdam of brickwork, which allowed of 
its being thoroughly well rammed about the edges. 

The mass of masonry in the abutments is somewhat less than usual, 
an attempt having been made tv economize masonry by the peculiar dis- 
position of the anchorage chains. 

The one main and solid objection to the use of suspension bridges even 
for cart traffic, being their need of constant repair from the wear and tear 
of the component parts due to the undulations set up by rolling loads, 
but more especially by the action of the wind, great attention has been 
paid to reducing these undulations to a minimum. 

The action of the wind is resisted and neutralized—~ 

(i). By the chains themselves. 
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(2). By the peculiar arrangement of the suspension rods. 
(3). By the bracing in the floor and the great depth and stiffness 
of the cross and longitudinal girders. 

The main chains being on a tilt of 1 in 7 and very much further apart 
at the piers (where they are kept apart by wrought-iron standards) than 
at the centre and abutments, add greatly to the stability of the bridge 
against the actior of the wind. The theory of the advantage of such an 
arrangement of the chains is, that a vertically hanging chain, however 
heavy, can only resist the action of the wind to sway it, by means of the 
friction developed in the top pins on which it swings; whereas a chain 
already tilted up, resists all tendency to swing, not only with friction, but 
with the whole leverage of its own weight, into an arm varying with the 
angle of tilt. That this resistance or leverage is very considerable will 
be seen by a reference to the calculations, on which however no great 
stress has been laid, as the system has got the far greater advantage of 
having been practically tried in many large works, and found to yield 
excellent results. The whole of the large modern American bridges, 
at Cincinati (1100 feet span), Niagara («80 feet) and the East River 
(1600 feet) have been built on this system, with the most satisfactory result 
as to immunity from the action of the wiad and general stability. The 
Albert bridge over the Thames, lately completed and probably the best 
type of suspension bridge now in Europe, is also built with slanting chains, 
and is almost as stiff in a gale of wind as a stone bridge, the result being 
ascribed by its Engineer, Mr. Ordish, to the disposition of the chains. 
As the cost of the Jamna bridge is not to any serious extent increased 
by this plan, no hesitation has been felt in adopting it. 

To prevent as far as possible any swaying in the chains being com- 
municated to the platform or vice vers4, the suspension rods are double 
jointed and capable of free motion, either in the direction of the length 
_of the bridge or perpendicular to it. This arrangement is that adopted 
in the great Suspension Bridge over the Moldau at Prague, and effec- 
tually prevents periodicity, or isochronous oscillations of the chain and 
platform, and tends in other ways greatly to increase general stability. 

“The bracing in the floor forms a continuous girder over the whole 
length of the piers and abutments, being strengthened at those points 
with plate webs and double diagonals, 

The continuity over the piers and the fixing at the abutments are 
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obtained by a system of sliding collars and castings, which, while allowing 
free expansion and contraction of the girder in a longitudinal direction, 
prevents all lateral motion, and will, it is hoped, give very great stiffness 
to the platform, irrespective of its being of iron throughoot, and rivetted 
up, in one piece, from end to end of the bridge. The sliding collars will 
further prevent any kind of lateral pressure upon the stiffening girder, 
having a tendency to bend the rocker bars, and thus endanger them. 
The great depth (20 inches and 15 inches) of the main and longitudinal 
roadway girders, would in themselves go far to secure, what is admitted 
to be most essential, a deep and stiff floor; the stability being further in- 
creased by the solid manner in which the floor baulks and planking are 
connected to the girders. 

The action of rolling loads is counteracted by deep and stiff girders, 
which are continuous from end to end of the bridge; and which further, 
with the wheelguard, serve the purposes of parapets. 

As the first essential in a stiffening girder is that it should be incap- 
able of vertical motion at the ends, this end is attained by the use of large 
cast-iron rockers, on the piers and abutments, which prevent all upward 
movement, whilst giving perfect freedom to the girders for horizontal 
contraction and expansion. The rockers are fixed down to the masonry 
by wrought-iron bars, which are fixed when heated, and then allowed 
to cool and contract, thus bringing an initial strain on the bar, and 
preventing all upward motion of the girder and platform, which are 
however free to move horizontally on what are really eight large wheels 
six feet in diameter. All risk of strain to the girder, from rise or fall 
of temperature, is thereby avoided, and permits of sliding joints being 
dispensed with, which have hitherto been found necessary in such stiffen- 
ing girders to suspension bridges; but which, to a great extent, do away 
with the advantages of a stiffening girder, besides being troublesome in 
construction and needing constant repair. 

As however sudden changes of temperature must always produce un- 
equal strains in an iron structure of such length, a certain amount of 
flexibility has been given to the girder by pinning instead of rigidly ri- 
vetting its diagonals, thus allowing of a certain amount of angular motion 
in each panel. This plan has been adopted with excellent effect in the 
great Suspension Bridge at Cincinati (1100 feet span). The position 
of the diagonals of the girder is tu a certain extent incorrect in theory, as 
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not intersecting in the neutral axis of the boom; but the additional stress 
resulting from this has been provided for by strengthening plates near 
the pins, and had to be adopted from practical considerations. 

The construction of the main chains is in no way unusual beyond the 
tilt given to them, and their arrangement in a quadrantal shape in the 
abutment tunnel. The first has been already remarked on, and the se- 
eond, although perhaps rather unusual in Europe, is that universally 
adopted throughout America. It has, besides saving in the length of 
back chain, the advantage of lessening very considerably the strain on 
the iron in those very parts of the chain which are most likely to be 
overlooked and neglected, viz., the ends of the tunnels ; as it is estimated 
that the friction on the knuckles, &c., takes off fully one-third of the 
strain from the lower chain link. The section of iron has not been di- 
minished on this account, friction not having been taken into considera- 
tion in the calculations ; but it is nevertheless an important advantage. 

The building in of the last link in the main chain and enveloping it 
in Portland cement, is somewhat unusual in Europe, but is the general 
American practice, where the whole of the back chains, and not merely 
the last link, are systematically built in as in the Niagara, East River, 
and Cincinati bridges. It has been urged, from the fact of iron cramps 
in masonry being found to decay quickly, that such a mode of coating 
the chain, or building it in, might prove detrimental; the fact really 

being that the decay of built in iron cramps, is due to the galvanic action 
set up between the iron and the lead with which the cramps are fixed ; 
whereas such galvanic action and corrosion is especially guarded againat 
in the holds of all ironclad ships and steamers by coating with thick 
layers of Portland cement, which adheres firmly to the iron. In such a 
damp and inaccessible position, below water level, as the last link on 
the anchorage necessarily occupies, it is thought better to trast for the 
protection of the iron, once for all, to a solid envelope of good Portland 
cement quite impermeable to water, and carefully rammed and filled in 
round the chain, during construction, than to a coat of possibly indiffer- 
ent paint, applied at long intervals of time, without in all probability the 
iron having been properly scraped and cleaned for its reception. 

None of the parts of the ironwork are so heavy or large as to produce 
any difficulty in transport; the heaviest casting being 12 tona in weight, 
these being the anchor plates, of which there are only four; none of the 
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other castings weighing one-half as much. The heaviest single part of 
wrought-iron will be a main roadway girder weighing 464 ths. It will 
of course be left to the discretion of the manufacturer at home to do as 
much of the rivetting and permanent putting together as can possibly 
be done without involving extra freight, or risk of injury to the ironwork. 

The site of the bridge being very favourable for the construction of scaf- 
foldings, and the natural surface not being at more than an average depth 
of 18 or 20 feet below the lower edge of the stiffening girder, the fit- 
ting and erection of the girder will not be a matter of any difficulty or 
great expense. As to the chains, by commencing at the tops of the 
piers, with one single and two half links on either side, and dragging 
them across, on little trollies fitting between the channel irons on the 
top boom of the girder, the weights will be so subdivided as to be quite 
within the control of mere manual labour; and much more so with a 4 or 
5 ton winch and tackle. Such details will however be best suggested 
by the Engineer on the spot, and are only mentioned to show that there 
seem, after much consideration, no serious difficulties in the way of erec- 
tion. It may however not be out of place to mention that the chains 
when put up must be as short as the adjusting links can make them; as 
it is intended that all adjustments shall be made by lengthening and not 
shortening the chains; the former being much the easier process, and the 
wedges and links having been so arranged that there can never be any 
need to make the chain shorter than it will be when all the wedges are 
inserted, Another necessary caution will be that the position of the 
saddles, rollers, bed plates and sliding collars, must be adjusted with pro- 
per reference to the difference of temperature at the time of fixing, and 
that assumed as the normal temperature 80° Fah. 

As to estimated cost of bridge, the rates are those obtained from the 
local officers, and in some cases, as in that of the concrete, considerably 
raised. The only reduction is in the price of castings, which are placed 
at £5 a ton less than wrought-iron. The latest quotation from the 
Iron Trade Review gives the prices as below— 


£. £. 
Wrought-Iron Girders... .. 20 to 21 a ton, 


Girder casting, ... hs .. 10. ,, 11 @ ton, 
or an average difference of £10 « ton in cost price; so that £5 a ton 
is quite a fair and allowable difference in rate. 
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The cost of the bridge per running foot of waterway (say Rs. 450) 
cannot be considered high. The exceedingly costly nature of the founda- 
tions, and the great depth to be reached; the fact that the main roadway 
is entirely of iron, the very heavy rolling load to be provided for, and the 
great rigidity almed at, which, if attained to, will be quite equal to that 
of any ordinary railway bridge of the same span, have all tended to swell 
the cost. Much might have been saved by lowering the standard in one 
or in all of the above requirements, but the result wonld not, in the 
long run, be so satisfactory, either as to cost or construction, as it is 
hoped the proposed bridge may prove hereafter to be. 


Note on the Adjustment of the Rockers and Rocker Bars. 


In the calculations for the bridge it is shown that the rocker should 
originally be placed at an angle of about 11°; and as the bar gets 
heated it would expand sufficiently to allow the rocker to stand vertically 
on being gently driven with a mallet; after which on the cooling of 
the bar, there would be an initial strain of about 2 tons per square inch 
on the metal. This will however be better understood from Fig. 1, 
Plate I1., in which A shows the original, and B the ultimate position 
of the rocker, which is driven in the direction of the arrow, as the 
bar is heated, expands ‘62 of an inch; which increase of length is retained 
as the bar cools, causing the requisite initial strain of 10 tons, holding 
down the girder. To allow for the compression of the masonry, the angle 
of tilt can probably be made 13° or 14° instead of 11°, which would be 
the proper angle, were the masonry quite incompressible. 

The vertical slit in the masonry, left round the rocker bar, shall be 
15 inches long by 4 inches wide; an open gutter hole 6” x 6” being 
built in the masonry from below the lower rocker casting, to carry off 
the water, and to allow of fresh boiling water being poured in if required. 
The end of this gutter hole, at the face of the pier or abutment, to be 
closed by a piece of stone into which a jumper hole 2 inches in diameter 
ja made, into which a plug can be inserted to regulate the flow of the 
water, and let it off as it cools, to allow more hot to be poured in. The 
inside of the slit and gutter to be well plastered to keep in the heat. 
The arrangement will be sufficiently clear from Fiy., 2, Plate II., show- 
ing a rocker and bar at a pier. 
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The quantity of boiling water needed to fill the slit will not exceed 
75 gallons. The arrangement at an abutment is similar to that at a 
pier. When the rocker has been properly fixed, the slit and gutter to be 
filled up with thick grouting or mortar. 




















Abstract of Cost. 
Quantity. Description Rate Cost Remarks 
Tons, KS. RS AIP, 
211°5 | Wrought-iron, .. és sie 560 1,18,440) 0} 0/Per ton. 
25°4 | Cast-iron, ee se a 500 12,700; 0] 0} 
c. ft. 
2,702 | Deodar wood, .. ee as 3 8,106) 0} O'Per c. ft. 
86,154 | Concrete, ee me ais 15 12,923) 0} O'Per 100 c. ft. 
2,02,782 | Coursed masonry, oe és 35 70,974| 0; 0) Zs 
6,066 | 1st class ashlar, .. ee we 4 24,264 0} 0’ ‘Per c. ft. 
6,150 | 2nd class ashlar,.. ee oe 2 12,300} 0 0| ‘ 
17,718 | "srick masonry, .. ee oo 35 6,201) 0 | O-Per 100c. ft. 
Pomping and excavation, sa 25,000 0 0.Lump sum. 
Total of above, ee oe 2,90,908 0| 0 
Contingencies, .. es 5 14,545 0, 0 
ERO, qetrein bere | sae 
Grand Total cost, Rs., .. 3,05,453 ss ; 





It will be observed that no detailed dimensions are given in the plans. 
None are given in the original plans, they are all contained in the volume 
of calculations, and there is not time to extract them in detail. The 
‘““ book of measurements” was probably sent home to the contractors who 
supplied the iron. The data for calculation were as follows :—The ulti- 
mate tenacity of the suspension chains was taken at 30 tons with factors 
of safety of 6 for live, and 3 for dead, load. In the rest of the bridge the 
ultimate tenacity of the iron was taken at 25 tons, and the safe stress in 
tension and compression at 5 and 4 tons, 

The rolling load was taken as that of a crowd welatine 120 tbs. per 
square foot. In concentrated loads it was assumed that the greatest possi- 
ble weight on one axle was $ tons, which is about equivalent to the weight 
of alonded elephant. The force of the wind was taken at 40 Ibs. per foot, 
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Extract from Report of Superintending Engineer, Colonel Perkins, R.E., 
on completion of Bridge. 


The excavation for the bridge was commenced in December 1875, the 
masonry in April 1876, the ironwork in January 1878, and the bridge 
was opened for traffic in June 1878. The work has been carried through 
without accident and only one hitch. This was due to an alteration in 
the sanctioned design which was made by the iron manufacturers in Eng- 
land, and is as follows :—~ 
- In consequence of the chains of this bridge being curved outwards in 
plan from the lower to the upper points of the catenaries, the suspension 
rods are not vertical, as they would have been had the chains been straight 
in plan. Consequently the suspension brackets were so designed by 
Major Browne that whilst the pin hole at head might receive the usual 
connecting pin of the links of the chain, the pin hole at bottom was by a 
twist in the shank of the bracket to assume a contrary position so ns to 
receive a pin lying parallel to the line of bridge, see Migs. 1 and 2, 
Plate IIT. From misappreciation of the design possibly, the brackets were 
sent out as if for chains without this curve in plan, ve., as shown by 
sketches, Figs. 3 and 4, Plate ILJ., and consequently some little apprehen- 
sion was occasioned on account of the suspension bar B, Fig. 3, having to 
be bent at B to allow of it assuming the position shown, and this more 
especially in the lower and shorter bars, where the angular deflection is 
greater. The result of the trial however shows that there need be no 
further apprehension on this point, although the effect is somewhat 
unsightly. 

The Executive Engineer, Major H. Blair, R.E., reports as follows :— 

Ihave the honour to submit Mr. Birkbeck’s plans and report on the 
testing of the Jamna bridge, which according to orders received, had to 
be tested to 120 tbs. per square foot, or 320 tons. 

We commenced on the 12th June, by putting half the load evenly 
over the whole bridge, beginning at the piers, working both ways, and as 
I had only doubts about the suspension bars, I thought I would weight 
the side spans fully first, which would test them to their full extent, at 
the same time show how the bridge acts under an uneven Joad. | 

By noon the side spans were fully weighted, and about 60 Ibs, per 
square foot on the centre span, and the work closed until 6 p.m. From 
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the weight, extreme heat and uneven load, the girder looked go strained 
at points and began contracting in jerks, that I nearly stopped the test at 
8pm. After along consultation we resumed work, and put the full load 
on, noted deflection, and after two hours removed the weight. 

Next morning we took levels and examined the bridge, and I have great 
pleasure in reporting that nothing has failed. This bridge has been suc- 
cessfully completed without any loss of life, and tested by the same 
officers from first to last (a very remarkable event in the Public Works 
Department). A little cornice work remains, and although the bridge 
has been raised 5 feet in height, 1 hope to complete it well within the 
sanction, without submitting a revised estimate. 


Mr. Birkbech’s Report. 


Orders were given by the Chief Engineer, Military Works, to test the 
bridge with a dead load of 120 ths. on each superficial foot of roadway, 
the bridge was accordingly tested on the 12th instant. 

To effect this the bridge was loaded with a weight of 298°6 tons dis- 
tributed as follows:—149-3 tons on the centre span, 74°65 tons on each 
of the side spans, this together with the weight of the workpeople em- 
ployed loading amounts very nearly to the weight required. 

The material used for loading was gravel from the bed of the river, 
spread 11 inches deep over the width of the roadway, and confined at the 
sides with an edging of bricks. 

The load was put on each end of the bridge, the beldars spreading the 
gravel from each pier outwards to the centre of the bridge, and inwards 
to the abutments. 

To measure the amount of deflection under the load, fourteen self- 
recording gauges were set up, seven under each boom of the stiffening 
girder. Before loading also levels were taken at intervals of every 20 
feet, and when the load was taken off, the levels were again taken to 
measure the amount of permanent set, these levels and measurements are 
all shown in the deflection diagrams submitted. 

To insure as much as possible correct measurements, the levels were 
taken at the same time of day when the temperature is the same, this is 
@ very necessary precaution, as the bridge chains and girders sometimes 
rise and fall 24 of a foot or three inches within 12 hours with the ex- 
pansion alone. The levels were therefore taken on the morning of the 
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12th before the load was on, and again on the morning of the 13th when 
the load had been taken off. 

The chains were also levelled before and after loading, but as no per- 
manent deflection was shown, no diagrams have heen submitted, 

The movement of the saddles on the top of the piers was also observ- 
ed, the abutment saddles were noticed, but there was no movement observ- 
ed in them. 

The following movements were observed in the bridge at the time of 
loading :—On the loading of the side spans, which was finished before the 
centre span, the girder in the side span deflected 4? inches under uneven 
loading, when the complete load was on the centre span the side girders 
rose again one inch, 7. e., showed a deflection of 32 inches only, at the same 
time the pier saddles advanced §-inch each towards the abutments, but 
resumed their original positions when the full load was on the centre 
span. Another movement observed was that the diagonal braces of the 
stiffening girder were affected by the weight, those in compression buck- 
ling, and those in tension getting very tight and strained, the suspension 
rods also were evidently very taut under the load, but when it was taken 
off they resumed their normal condition and could be shaken by hand. 

After the testing, two of the Commissariat elephants have crossed the 
bridge at the same time, not the slightest movement or deflection was 
observed whilst they were crossing. 

The general result of the test may be summed up as follows—1st, that 
under the load imposed the centre span showed a maximum deflection at 
the centre of 2Z-inch, and that the spans under the same conditions 
showed a deflection of 3% inches; 2nd, that the bridge has nearly resumed 
its original form, after unloading the maximum permanent set in one 
girder being 0-13 and in the other 0°16; 8rd, the bridge chains, pier 
and abutment saddles are the same, there being no alteration in their 
positions. 
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Up-stream Girder. 





READING OF GAUGES. 


























































a Deflection 
Point on Permanent 
le R k 
diagram. |  pofore With aaah toed. Beh, ere 
| louding luad on toni: 

= Side span, north side. 

ra 
A “ 0:00 0:34 0:07 0:34 0:07 |At 40 feet from north abut 

‘ ment. 

Bee? 0°00 0°35 0°03 0°35 0°03 | At 90 feet from north abut- 
ea ment, due to uneven load, 
3k side spans being weighted 
E Q first. 

@ 
Es Centre span, up-stream girder. 
nm 

CEs 0-00 O14 0-08 0-14 0:08 |At50 feet from north pier, 
De he 

D Ge | 000} O24] O12) O24] O12 |Atcentre of bridge. 
th “ss 
ev 

ES>/ 000! og0{ 002! 020! 0-02 |At50 feet from south pier. 
— S 
¢ = Side span south side, up-stream girder, 

F 3 000 { O32{ 003 | 032; 0:03 'At90feet from south abut. 
oS ment, 

GS 000} 0627] 006: O27] 0:06 !At40 fectfrom south abut- 

ena pe pes Se das | ment, : 
Douwn-stream Gauges. 
Side span, north side. | 
A' 0:00 0°32 0:03 0:32 0-03 |At40 feet from north abut- 
ment, 
B' 0°00 0-34 0:09 | 034 0:09 ,;At 90 feet from north abat- 
ment, 
Centre span, down-stream girder. 
C' 0:00 0:20 0:09 0-20 0:09 jAt 50 feet from north pier. 
D’ 0-00 0°24 0716 0°24 0:16 |At centre of bridge. 
E' 0-00 0°17 0°04 017 0°04 |At 50 feet from south pier. 
Side span south side, down-stream girder. 
¥F 0°00 0°37 0°07 0:37 0:07 |At 90 feet from south abut- 
ment. 
G' 0:00 0°27 0:08 0:27 0:08 {At 40 feet from south abut- 


ment. 
N.#.—The indicators of the gauges were set at zero before loading. 
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rf complete twist here 
in shank of bracket 
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REPORT ON EXPERIMENTS MADE AT LUCKNOW 
ON STRENGTH OF SAL AND TEAK TIMBER, 
IN 1877 AND 1878. 


By Cart. J. Dunpas, V.C., R.E., Assistant to Inspector General, 
Military Works. 


Experiments made in the Panjab having shown that the recorded con- 
stant coefficients ordinarily used in calculations of the transverse strength 
and stiffness of deodar timber were too large* to give correct results in 
the case of seasoned beams of some size, the question was raised whether 
the constants commonly used for sal and teak timber might not be found 
on trial to be equally untrue. 

Instructions were accordingly given for a series of experiments to be 
made at Lucknow, under the conditions stated below. 

(a). On 12 pieces of seasoned sal wood; each pieco 12 feet long and 

6” x 4” scantling. 

(6). On 12 pieces of seasoned teak wood; of the same dimensions. 

{c). On 12 pieces of seasoned sal wood; each piece 30 inches long 

and 1 inch square, 

(d). On 12 pieces of seasoned teak ; of the same dimensions. 

The distance between the supports to be 10 feet in the case of the 
larger scantlings, and 2 feet in the case of the smaller ones. 

The load to be applied at the centre. About ,), of the calculated 
breaking weight to be first applied and to be left on for 7 days. The 
deflection at the centre to be then carefully measured in inches and 
decimals, 


* The experimonts sahowed— 
E, = 1,800, instead of the usual 3,500, 
Rv = 300, rT) ‘ e 500, 
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The load to be afterwards doubled, and at the end of 7 days more the 
deflection to be again measured, 

The load at the centre to be next increased to 4, of the breaking 
weight, and after 7 days the deflection to be again measured. 

After this, the load to be gradually increased till fracture takes place. 
The breaking weight to be noted, and the maximum deflection obtained 
if possible. 

These orders have been faithfully carried out. The timbor used in the 
experiments, especially the teak wood, was of above the average quality 
that would be used in work in India; but it was not especially selected for 
the experiments, as there happened to be a large quantity of good timber 
in stock. The sal beams were cut from large sound logs, which, from their 
appearance, must have been well seasoned. The teak beams were sawn 
from Moulmein logs of a very large size, varying from 50 to 100 cubic feet 
each, of a very superior quality, and fairly seasoned. After sawing, the 
beams were planed down to their true dimensions, and they were all care- 
fully examined to sce that they were free from shakes or large knots, In 
the smaller specimens there were no knots at all. 

The sal wood was found to weigh 59 Ibs, per cubic foot, and the 
teak wood 34 lbs. per cubic foot. In respect to this last figure, which is 
much smaller than the weight assigned to teak wood in the various text- 
books in common use, the Executive Engineer observes that teak wood 
received in large logs contains a great deal of moisture, presumably on 
account of the logs having been for a long time lying in water. Its 
weight, as received in the log at Lucknow, remains for a long time at 
very nearly 50 lbs. per cubic foot; but as soon as it is sawn up into 
planks or scantlings, it begins to dry, and the weight in a very short 
time comes down to about 34 or 35 lbs. per cubic foot, at which it ap- 
pears to remain. 

The following particulars as to the method of conducting the experi-. 


ments will be of interest :— 

* The supports for the large beams consisted of brick walls built in Portland ¢e- 
ment, with good foundations of lime concrete. The beams were placed on heavy flat 
_ pare of iron, resting on the tops of the walls, which were accurately levelled, and the 
distance between bearings gauged. There was no possibility of any shifting of th 
bearings.” vs 

The weights used were pieces of iron, and they rested on two pairs of 
railway wagon wheels and axles, which were suspended by wire rope 
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from a shackle of 44” x 4” bar-iron resting on the middle of the beam, 
and having a bearing on it 44 inches wide. 

‘When the beam was in position, ready for weighting, a line, wetted with red 
colouring matter, was stretched tight between the two points where the lower surface 
of the beam on one side of it intersected the inner side of its bearings on the same 
side. The line was then stretched at the centre and allowed to spring back sharply, 
the result being a horizontal red line on the shackle.” 

In order to measure the deflection resulting from the several loads 
applied, the process with the line was repeated; the distance between 
the red Jines on the shackle was measured with a divided scale. 

The experiments on the small beams were similarly conducted. The 
supports used were “the axles of railway wagon wheels, which were care- 
fully levelled, and the distance between bearings measured.” The shackle 
used was only 14” x 3°, and had a bearing 14 inches broad. 

So far as the experiments on the larger beams are concerned, the pos- 
sible sources of error in observation seem to be the following :— 

I. The beams were not supported at the middle up to the time when 
the first red mark was made upon the shackle, and no account was taken 
of the deflection (if there was any) duc to the weight of the beam itself. 
On this point the Executive Engineer says— 

“The weight of the beam was so small, compared with their strength, that they 
would warp before they deflected with their own weight; the beams were however, 


as nearly as practicable, horizontal when the first red line was marked, a8 was seen 
by the cord as a rule marking the arris of the beam.” 


II. ‘ Owing to the thickness of the red lines, the deflections should only be 
considered accurate within from ,4” to gy".” 

In the case of the smaller specimens, besides the two sources of pos- 
sible error above noted, there was a risk of settlement of the bearings. 
The Executive Engineer observes— 

“If there was any settlement in this latter case, it must have been insignificant, 
as the wheels were well chocked up, and the ground on which they rested hard. The 
weights, too, were trifling, ”’ 

On the whole, it seems that though the observations may not have been 
free from small errors, the genenal results drawn from them may be ac- 
cepted as trustworthy. Details of the observations will be found in the 
tables marked I. to IV., which are annexed to this paper. Table V. shows 
the proportion borne by the first, second, and third loads in each set of 
experiments to the breaking weight under which failure took place. 
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Table VI. shows the value of P, resulting from the experiments on trans- 
verse strength of each class of timber; and Table VII. gives similar 
information in respect to the coefficient for stiffness Es. Lastly, Table 
VIII. shows the values of these coefficients which have hitherto been 
made use of in calculation, with the authorities from which they are taken. 

From a consideration of these tables, it will be seen that the values 
hitherto assigned to P, and Ha for sal and teak, though possibly correct 
for such small specimens as those on which the original experiments were 
made, cannot be accepted as truly representing the strength or stiffness 
of larger scantlings. The present experiments seem to justify the adop- 
tion for future use of the following coefficients :— 


Sal. Teak, 
For transverse strength P, eee one eee 550 470 
For stiffness | OF ee ae sc 2,500 2,200 


It may at first sight appear as though the adoption of the figures here 
proposed would lead to the use of much heavier and more expensive tim- 
bering in roofs than has hitherto been thought proper. But this will not 
be found to be the case if the loads which the beams will have to bear are 
carefully considered. For a pormanent load, a factor of safety of 10 
for transverse strength, and a maximum deflection of ,!, of an inch per 
foot of span are to be required, as has usually been done. But for a 
maximum load, of which a great part is not constant but only of a tem- 
porary kind, a factor of safety of 6 and a maximum deflection of 4, of an 
inch per foot of span may be allowed. As an illustration, it may be 
mentioned that in the type drawings of half-company’s barracks for 
British Infantry now about to issue, the deflection allowed in the rafters 
is about .), to J, of an inch per foot of span under the permanent load, 
and rises to from 4), to .), under the additional temporary load of a 
violent wind. 
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EXPERIMENTS ON STRENGTH OF HAL AND TEAK TIMBER. 9 
Tanne V. 


Showing the proportion borne by the lst, 2nd, and 8rd loade in each set 
of experiments, to the breaking weight under which failure took place. 


Loads in what case. . 4. PROPORTION OF BREAKING WEIGHT. 
| te let Losd. a | 2nd Load. | ard Load. 
As ordered, oe ea ahs ee 05 10 15 
Actual load in Experiment A, -» | 06 to ‘10 "12 to -20 "17 to °81 
me ra B, as 06 to °12 "12 to °24 "16 to ‘34 
» ” C, ee "04 to 06 ‘O07 to ‘12 "15 to ‘28 
és ‘i D, as 04 to ‘06 07 to 12 "Lk to “17 
Tasue VI. 


Showing the value of Py resulting from the breaking loads stated by the 
Executive Engineer, if half of the weight of the unsupported length of the 
beams themselves be added thereto. 


Distineniehing letter of , 7 
Statement. Class of Timber Min. P,,. Mean P,, Max. P,. 


et 


D eeeemaneeneteataal 
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EXPERIMENTS ON STRENGTH OF GAL AND TEAK TIMBER. 11 
Taste VIII. 


Showing the valuea of the coefficients for calculating the strength and 
stijiness of Sal and Teak hitherto used, with the authorities from 
which they are taken. 





























| Pp: | Ka, 
Authority. py Pech ae res pee tae ae at ray Be 
fo |e | we |e 
Indian 
905 4,209 
Roorkee Treatise,.. ..| to ae. ‘to 3,978 
1,150 CAD 4,968 
Cunningham’s Applied Me- 
chanics (Lang’s tables), 769 to 880 | 6838 to 814 5,600 5,552 
Third Circle’s Specification, 769 683 4,963 4,498 
Ball's Tables, we oe 800 720 4,965 4,469 
Molesworth’s Pocket-book, oe 703 is 5,000 
Hurst's Pocket-book,  .. 840 560 5,000 4,498 
Present Experiments, .. 550 470 2,500 2,200 
J. D. 
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No. CCCIII. 


EXPERIMENTS ON BRICK WATER TANKS. 
[ Vide Plate}. 


By E. W. Sroney, Esq., B.CE., UM. Inst. CL. 


Tue experiments abont to be described were made by the Anthor, to 
show the influence of cross wall bond on the strength of masonry tanks; 
and it is hoped that they may interest readers of the Professional Papers, 
and induce others to make further experiments on the same subject. 

Two tanks of the form and dimensions shown in Figs. 1 to 7, were 
built with walls 44 inches thick, with stock bricks of good quality, laid 
in mortar composed of equal volumes of lime, sand, and surkhi, when 
finished they were plastered inside, half an inch thick, with mortar of 
similar composition; this plaster is represented in the plans and sections 
by black lines. 

_ The front wall GH of tank No. 1, Figs. 6 and 7, was built flat against 
the cross walls EK, FL, without being bonded into them, but had mor- 
tar put in the joints K and Lthronghout. For convenience and economy 
the side of an existing building was used as the back wall, into which 
the cross walls were bonded. 

Tank No. 2, Figs. 1 to 5, was well bonded throughout, care being 
taken to join the cross walls AC, BD, as strongly as possible to the 
side walls AB, CD; which were made long, in order to induce failure 
by rupture about their centres. 

Experiment No. 1. 


Tank No, 1 was built on the 8tb of July 1878, and tested on the 28rd 
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of August following, by pouring water slowly into it, through a zine 
pipe graduated outside with feet and inches, so that the depth of water 
in the tank could be read off on it, and having its upper end formed 
into a funnel; by pouring the water through this pipe waves and agita- 
tion were prevented. 

When the water reached a depth of 2 feet 4 inches, the front wall GH 
suddenly turned over in one piece on its lower edge, without having 
shown any signs of previous leakage or failure. 


ELaperiment No. 2. 

The front wall GH of tank No. 1, was rebuilt as before, touching 
the cross walls EK, FL; but care was taken that no mortar was used 
in the joints K and L, and the interior was plastered as before to retain 
water. 

After this wall had been a month built, water was poured in as before 
described, and when it got to 1 foot 7 inches in depth, the front wall 
failed by overturning round its lower edge. 

In this experiment the overturning moment of the water was opposed, 
only by the moment of stability of the wall, plus the tenacity of the 
plaster joint at each side. 


Experiment No. 8. 

The bonded tank, Figs. 1 to 5, was built on the 9th of July last, and 
tested on the 24th of August following, by pouring water into it as in 
the previous experiments; when a depth of 3 feet was reached, the bot- 
tom joint of the front wall began to leak, and this increased up to the time 
of failure, which occurred when the water rose to 3 feet 6 inches. 

Up to the instant previous to failure, the side walls showed no signs 
of bulging or distortion, and deflection indicators placed against them 
did not move. 

Finally both long walls AB, CD, suddenly bulged ont, towards their 
centres; the back wall AB burst from the cross walls AC, BD, as shown 
in Figs. 8 and 4, turned over, and broke up in its fall, while the front 
wall CD returned to its original position intact. 

The portions shaded in Figs. 3 and 4 remained standing, while the 
unshaded parts were carried away by and with the back wall AB. 

The joints along which the work cracked are marked by heavy lines. 

Comparing Experiments 2 and 3, it will be seen that the bonded 
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tank bore before failure, more than twice the depth of water that burst the 
unkonded one, and an overturning moment nearly eleven times as great; 
go that in designing such tanks, the influence of bond on their strength, 
might it would seem, be taken into account with safety and economy, 
Circular tanks of thin brickwork, hooped with iron, would probably 
prove efficient; and be considerably cheaper than the square or rectan- 
gular masonry ones generally employed at Railway Watering Stations. 
Experiment No. 1. 
Overturning Moment of Water = 62°55 B.H. a : = = 10-4 BH’. 
B = 75 feet, H = 2'°4” = 2°33’, 
+«Overturning Moment of Water = 10-4 X 7:5 X (2°33)? = 78 x 
12°65 = 986-70 foot Ibs. 
Moment of Stability of Wall = weight of wall by half width. 


” i) Y) = | 8:25 x 3’ X a x 100 Ibs. x 


B' 20625 


ry ito “e a= 214°84 foot Iba. 
The weight per cubic foot of wall was found by trial to be 100 hs. 
Total overturning Moment of Water = 986-70 foot bs. 
Total Moment Stability of Wall =: 214-84 


” 39 


Difference due to strength of mortar 


joints K and L = 360 sq. inches in eel (71°86 


Ezperiment No. 2. 


Overturning Moment of Water = 10-4 BH*®. B= 7'5, H= 1/7” = 1:58’, 


” ” » 104 X75 XK (1:58) = 78 XK 3:95 
== 368:10 foot tbs. 
Total overturning Moment of Water = 808°10 foot Ibs. 


Total Moment of Stability of Wall as before = 214-84 


? 7 





Difference due to tenacity of plaster joints 93-26 
86 square inches in area, 

In this experiment the depth of water whose overturning moment 
would just equal the Moment of Stability of the wall, will be found to be 
1’ 5” as follows :-— 

10-4 BH? = 214°84 
° Ho = 4/275 = 1' 5" nearly. 
If in this instance a factor of safety of 8 be assumed, the safe working 
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depth of water for this tank may be found to be 8 inches, which is about 
what the ordinary rule would give. . 


214-84 


Safe Working Moment = ——- = 26:85 = 10°4 BH! 


* H= «34 = 8 inches. 
Experiment No, 3. 


Total overturning Moment of Water = 10-4 BH’. B= 7:5’, H = 35° 
=: 10-4 x 7:5 & (3:5)'= 78 x 42:875 = 8344:25 


Total Moment of Stability of Wall = { 8:25' x 416’ x= x 100 ts. | 
B' 84:32 x 2500 


24 88 
Total overturning Moment of Water = 3344-25 foot tha. 
Total Moment of Stability of Wall = 29800 ,, ,, 
Difference dne to bond of side walls, 
area of joints 500 square inches, elev? 


If we assume for this tank a factor of safety of 8, we have as before 


== 298 foot fs. nearly, 





== 418 = safe overturning moment. 
418 =: 10°4 BH’, which gives H = 1’ 9°. 
It would seem therefore that a depth of 1 foot 9 inches of water might 
safely be put in this tank. 


Summary of Experiments. 
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LOGARITHMIC LINES FOR TIMBER SCANTLINGS 
AND OTHER FORMULA, 


Ax ingenious sheet of diagrams of Logarithmic Lines has been published 
by Pandit Tilok Chand, Draftsman in the office of Superintending En- 
gineer, 2nd Circle, Panjab, which will be found useful to any one who has 
frequent occasion to determine the scantlings of beams, &c., on certain 
fixed data. The work can be obtained of the author. 

Pandit Tilok Chand gives no explanation of the construction of his 
diagrams beyond that they are on the principle of Logarithmic Lines, and 
asthe April Numberof the Professional Papers is not full, it may be useful 
to some to give a short explanation of the Logarithmic Line or Slide 
Rule. Practice only can make perfect in its use, and the general opinion 
is that it is not useful except in cases where a great many rough calcula- 
tions are wanted. Those however who do use it frequently and so acquire 
the habit, always appear fascinated by it. 

A Logarithmic Line is merely a log table scaled out. Take any length, 
and scale off from A, one end, with any convenient scale; 301, 477, 
602, 698, &e., the loge of 2, 3, 4, 5, &c., always of course counting from 
zero at A, and at these points write 2,3, 4, &c. Then the length from 
zero to any one of these figures represents the log of that figure graphi- 
cally. Make another scale B exactly similar. These are the A and B 
scale of any carpenter’s rule. Now if B scale beslid along A, so that B 
zero comes to any point, say C, on A scale, then at any point D, further 

A. © D 


on, the length AD is the length of the log of AC + the log of BD, 
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or the log of AO x BD, and the figure at D on the top scale will of 
course be the product of that at C on A, and that at D on B. Thus 
the multiplication is done. Division is exactly similar as the reading at 
© is the quotient of AD — BD. 

Scales it will be at once seen can be made to represent anything, for 
the same divided scale as A or B could have been numbered 2, 3, 4, &., 
not at the logs of 2, 3, 4, as was done, but at logs of the squares, or 
cubes or r times these numbers, and thus adding the length on such 
scales will multiply by the square, cubes, &c. Pandit Tilck Chand’s first 
example will illustrate this. The formula for stiffness of a deodar beam 
taking breadth two-thirds of depth, and using Panjab coefficient of safety 


eee 
ivesd == /-!" | He constructs three logarithmic lines, one as A or B 
g Py) , 


numbered plainly for W, one for /°, z.e., numbered 2, 3, &c., as the cubes 
of those numbers, and one for 4th 
powers. He places the two first 

4 ~©——”-——s longside, but pointing opposite 
se Matas sini eer ways with the zero of the 7 scale 
at 48 onthe W scale. Then the distance between any reading on W and 
any reading on / will be the log of the expression under the radical sign 
s.¢., log W — log 48 + log 7, and this placed on scale of 4th powers 
reads d the depth required. Thus one application of the compasses 
gives the value of the above formula. 

Various other simple formule have been scaled out in the same way, 
and the sheet forms a very handy office record, and the principle might 
be applied to any similar cases where frequent rough calculations have to 
be made with the same formula. 

The applications of the slide rule are of course various. Thus with 
two plain scales the reading on A opposite c is log b + log c — log a, 


Scale for W. Scale for 2’. 


eer eumeneret aera. 














A. b 


B a Cc 





or.a fourth proportional to a, 6 and c, and there sre many simple operations 

that can be performed by it. The impossibility of dividing and numbering 

the scale in the limited space is of course the great drawback to accuracy. 
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To meet this a spiral rule has been designed by Mr. G. Fuller, M. Inst. 0.E., 
Professor of Engineering, Queen’s University, Ireland. The descriptive 
pamphlet, price sixpence, is published by Spon, and the instrument is made 
by Stanley, price 50 shillings. The spiral line winds round a cylinder, 
and is equal to a straight rule 83 feet long. This allows of numbering to 
three figures, and gives results correct to one ten thousandth the part of 
the whole. 

There is however another aid to calculation, which will be found very 
practically useful in long estimates and ary tabular work. This isa 
multiplication table containing products of any pair of numbers within 
1000 each. It is very plainly got up, quarto size, and will soon repay its 
cost in any office where there is much calculation to be done, In filling 
in the 5d columns of an earthwork estimate, ¢.g.; where } is a fixed 
quantity for miles perhaps, it saves great labour and ensures accuracy. 
This and the College coloured sheet of sd? make a complete earthwork 
estimate table. The title of the work is Dr. A. L. Crelle’s Rechentafeln, 
Berlin, 1875, and Thacker Spink & Co., Calcutta, have supplied several 
lately at Rs. 12-4-0, including postage. 


A. M. B. 
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INUNDATIONS IN THE JALANDHAR DOAB. 
[Vide Plate. ] 


By C. G. Favpy, Esq. 


Tre recent disasters to the Scinde, Panjab and Delhi Railway between 
Phillor and Wazir Bholar having by their extent and magnitude drawn 
considerable attention to the subject, I append a few notes and remarks 
as to their origin and cause, as well as a few hints, which, if acted on, 
would, in my humble opinion, tend greatly to mitigate, if not altogether 
prevent, their repetition in future. 

The Jalandhar Doab is in shape a large and irregular polygon, its 
boundaries being the Beas, the Siwaliks, and the Sutlej. 

The Sutlej leaves the hills at Babhor and runs almost south, past 
Kirathpur and Rupar, where it takes a westerly direction flowing between 
Ludhiana and Phillor, as far as Aliwal, then it turns about north-west 
as far as Harriki, where it is joined by the Beas. 

The Beas debouches from the Siwaliks near the old cantonments of 
Hajipur, it runs thence in a direction almost south-westerly, skirting the 
Hoshiarpur, Kapurthala and Jalandhar districts. 

The Siwaliks rise abruptly from the Sutle} opposite Rupar, and ran 
almost north-west, terminating again at a place called Tagan Deo near 
Hajipar, about three miles from the Beas. The Siwaliks are very nearly 
90 (ninety) miles in length, are of pliocene formation, consisting of strata 
of sand, alluvial earth, clay, boulders, shingle, and conglomerate, and in 
this district there are two ranges, the outer and inner Siwaliks, with their 
inner slopes terminating in what is called the Sohan valley, part of the 
drainage of which falls into the Sutlej, and the rest, which is comparative- 
ly speaking insignificant, into the Beas. 
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These ranges were once densely covered with vegetation, Mango, Man- 
gifera Indica; Sivham, Dalbergia Sissu; Babul, Acacia Arabica; Phulahi 
Acacia Modesta; Aonla, Emblica Officinalis; Cheel, Pinus Longifolia; 
Mendar, Dodonta Burmanniana, &c., forming dense jungles and forest, 
the resort of tigers, leopards, bears, and elephants. Tam speaking of a 
time not Jong past. Ranjit Singh often hunted in these jungles, and till 
within the last three or four years, old men were living who recollected 
the last elephant killed at Santokhgarh in this district. 

When the country was annexed after the Sutle} campaign, recnrity to 
life and property, fixed and light assessments, the usual eoncomitants to 
British rule, ensued, a regular settlement was made, and in the course of 
settlement the Giujars and other villagers became invested with rights 
which neither they or their fathers ever dreained of, and in the settlement 
of the villages in the outer Siwaliks, the village boundaries were without 
any enquiry, or due investigation of right, ran straight up to the water- 
shed on either side, and the villagers bad full rights to shoot, clear jungle, 
and fell timber, as they wished. 

It was not long befure the results of this reckless system of jungle 
clearing became manifest, the chus or mountain torrents enlarged them- 
selves, extending both in length and breadth over the face of the country, 
spreading desclation far and wide ; bodies of water, hundreds of yards in 
breadth, Jaden with silt detritus and deposit from the hills, wou'd spread 
over scores and scores of acres of highly cultivated land, turning them in 
a few hours into wastes of sand. 

The slope of the submontane country is excessive, and in some places 
more than 50 (fifty) fect in a mile; this tract is known in local phra- 
seology as the khand1, it is more or less devoid of vegetation, and seldom 
yields more than one crop in the year. 

The establishment of cantonments at Jalandhar, Makeria,* Hajipur,® 
Budbipind,* Hoshiarpur,* Kartarpur,* gave rise to an enormous demand 
for fuel, The railway works from Vhillor to the Beas, and the Sirhind 
Canal headworks at Rupar, considerably increased this demand, which 
had iis source of supply in these hills, which have now been utterly 
denuded of vegetation, and have at last begun to fail the Gujars as 

grazing grounds for their cattle. 


* Abandoned shortly before the Mutiny of 1857. 
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All the chos in this district have doubled and tripled in extent since 
annexation of the Province, and now carry their waters far down into the 
Jalandhar district and Kapurthala State. 

In the Hoshiarpur district, in addition to the Beas and Sutlej, there 
are three subsidiary drainage systems. 

I. The Eastern Beyn, which has its rise near Ghurshankar, about 25 
miles from the Sutlej, after a very tortuous course it enters the Jalandhar 
district, and about midway between Phagwarah and Jalandhar was crossed 
by two bridges, one carrying the railway, the other the Grand Trunk 
Road. 

The railway viaduct was destroyed in Angnst 1878, the Grand Trank 
Road viaduct sharing a similar fate in September of the previous year. 

In this district the drainage of nearly 300 square miles of country 
finds its way into the Eastern Beyn. 

Il. The drainage jine passing Jalandhar city and cantonments. For 
some years past considerable anxiety has been cansed by the great dam- 
age caused yearly to the city and civil station by floods, which of course 
have their origin in the Siwaliks. 

Most of the chos have their own drainage lines well defined, but in very 
heavy floods, when the waters rise to a great height, it is impossible to 
ascertain their watersheds so to speak, and this is very marked in the case 
of the inundations which occur at Jalandhar. 

The cho which flows past Hoshiarpur, finds its way into the Eastern 
Beyn, but last year during the floods of August 20th, 21st, owing to the 
great rise of water in the Beyn, the Hoshiarpur cho was headed up to an 
exceptional height, flowed over its natural boundaries, straight down into 
Jalandhar cantonments, and thence on to the city. 

The action of the floods la: t year was intensified in extent and duration 
beyond anything ever previously witnessed. 

Jalandhar is 25 miles south-west of Hoshiarpur, and about the same 
distance duc south of Tanda, it is connected with both these places by 
road, one metalled and bridged and the other partially so. 

A glance at the map will show that the drainage crosses the Jalandhar 
and Tanda road in a south-westerly direction, intersecting it in numer- 
ous places. Notwithstanding this, some one lad the road raised some 
feet without making the least provision for waterway, the result was that 
the Huods came down and were deflected back on to Jalandhar, playing 
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unheard of havoc with the town and railway embankment, which latter in 
former yoars was scarcely ever damaged. ; 

This flood wax due to a rainfall of 25 inches in $6 hours, the heaviest 
yet known in this Dosb. 

III. The Western Beyn has its rise at a place called Unchi Bassi, 
between Makeria and Dasinyah; it flows through what ig termed the 
* Chamb Chak" or a string of marshes and swamps, it eventually finds 
its way into the Beas crossing the railway between Kartarpur and Wa-~- 
vir Bholar. 

All the chos between Hurriana, Dasinyah, and Makeria, crossing the 
part on the map coloured yellow, find their way into this Chamb, and in 
flood come down roaring torrents from 50 yards to half a mile in breadth, 
with a depth of from 38 to 4 and 5 feet, the excessive slope of the 
country makes matters worse, and nothing can resist the force with which 
the waters descend. 

There is a tradition to the effect that in former ages the Beas used to 
have ita course some six or seven miles more to the east, or in other 
words flowed directly beneath Dasinyah, Tanda, and Zahurah, and thence 
onwards to where Kapurthala at present stands. 

My own personal observations have tended to confirm me in this belief. 

Our main road from Hoshiarpur to Battala vid Shri Har Govindpur 
after passing Tanda, has a sudden dip of nearly 80 (thirty) feet in less 
than a quarter of a mile. After this the incline is very gentle, not more 
than 10 (ten) feet in 24 miles till it crosses the Beyn, where the land 
again slopes up as far as the village of Rarra, which is about one mile 
from the Beas. 

These facts [ ascertained nearly three years ago, having occasion to 
take levels, &., for a new bridge on this road. 

The Chamb as ] before said is comprised of a string of marshes and 
swamps about 15 (fifteen) miles long in this district, but extending down 
past Kartarpur into the Kapurthala State. 

These marshes run almost parallel with the Beas. 

My theory is that in ages long ago, owing tocertain causes of which we 
are ignorant, the Beas began to shift its course gradually westward, till in 
the course of time its extreme point of divergence was attained, Whilst 


Nore.—The lands in the Ohamb Chak are not cultivated, and in technical phraseology known as 
photr mumkin; in this District there are nearly 10,000 acres of sch land, 
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these canses were in operation, the course of the stream besame somewhat 
tortuous, the usual results followed, its discharge became arrested, silt 
was deposited, and the level of the bed was raised; year by year as the 
floods came down the tendency to overflow its banks became more marked, 
and the surplus water, so to speak, was spread over a wider area. The 
silt and alluvial soil held in solution was precipitated over an area 
equally extended, the strata thus formed being thicker nearer the river. 
and decreasing gradually as the extreme limit of inundation was reached, 

This in my opinion accounts for the fact of the slope of the country 
being from the river. 

The Beas has again commenced to shift its course, and from a careful 
measurement taken through a series of years,* it is beyond all doubt that 
this stream desires to revisit its old bed, and is year by year cutting more 
and more into the left bank, and in each succeeding flood the level to 
which the Beas water has to rise before it can overflow into the Chamb 
is decreasing, consequently each succeeding flood is more disastrous in 
its effects lower down the valley. 

From my own levels, and from sume taken by Executive Engineer, 
Jalandhar,} it has been ascertained that the waters of the Chamb are 
some feet lower than the bed of the Beas. 

During the floods the Beas brings down more water than it can hold, 
and at various places, more especially the villages of Motsari, Pekho- 
wal, Khatana, Habibchak, and Abdullapur, where the Beas is cutting 
into the left bank about 300 (three hundred) yards yearly, this water 
overflows, pours into the Chamb, mingles with the Beyn, crosses our 
Hoshiarpur and Shri Har Govindpur road,t and finds its way down to the 
Grand Trunk Road, breaches that wherever it can, and then damages the 
Scinde, Panjab and Delhi Railway to a terrible extent yearly, a very heavy 
bill to meet no doubt, and until measures are taken to check this evil, 

* I refer to the paiwaris yearly measnrements of allnvion and dilnvion, which are on the whole 


very accurate ; these measurements are checked by Tahsildars, Native and European Assistant 


tT W. Knowles, Baq., C.E , Exec. Engincer, 2nd Division Lahore and Umballa Road, to whom 
ig the credit due of having first drawn attention to the eubject. 
~ Our waterway consists in a length of 80 chains as follows :-— 


: seid : spans 4d feet each = : feet * 

i ge: OB AS ag: Oe or 4700 square fost of waterway, giving an 
1 ow 6 68lhlUat UK, » = 9 4, average headway of 10 feet. 

1 o” 8 ” 4 Pe) oo = 320 : 

i on i ry) $0 PT oo 50 


Total €76 running feet. 
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this bill will be run up over and over again, till some fine day it may occur 
to the Railway Engineers that it would have been cheaper in the first 
place to have had a bridge from Kartarpur to Wazir Bholar. 

J have heard it said, of course by people whu have never been near 
this part of the country during the floods, that the Beas water does not, 
and cannot, overflow into the Chamb. Statements like this need to be 
met with facts. Iask why were not the Railway and Grand Trunk Road 
embankments and viaducts damaged during the cold weather of 1876-77, 
1877-78, when our local rains were exceptionally heavy. All our chos 
were in flood more or less, and a great many of our chos find their way 
into the Beyn and Chamb. I will quote an extract from a diary of 
mine, August 1576. 

“ There had been no rain in Toshiarpor for nearly 24 hours. On the 
evening of the 16th J started for Tanda, reaching that place during the 
Hight; was informed by Overseer that no rain had fallen in the parganah 
since the morning uf the previous day; the Beas had been in flood but 
was golug down, Next morning Overseer informed me that owing to 
heavy rain in Kangra and Kulu, the water was again rising. Would I 
go and inspect the Alampur causeway which had failed some days pre- 
vions, and as a boat was the only means of Jocomotion, he had procured 
one. We started about 11 a.n., the day cloudy and a strong south-east 
wind blowing. 

“T got down to our nearest viaduct in the Beyn valley to find the whole 
valley under water from within a mile of Tanda to the Gurdaspur bank 
of the Beas. Tie rush of water was considerable, and it was only by 
means of an extemporised mast and sail that we conld make any progress 
in our journey ‘across country,’ and it took us very nearly three hours to 
get up asfaras Alampnr. Whatasight we beheld, the tops of trees and 
villages only to be seen, everything else submerged, the water a deep 
tinged colour, which is derived from the peculiar soil held in solution and 
brought down by the Beas from the Himalayas, and especially the Kulu 
valley, hence the namo it goes by Kulu ka pant. The set of the current 
was from north-west to south-east from the river and against the wind. 
We got to Alampur by about 3 p.m., had a look at the causeway, or rather 
the guide posts in the roadway, for there was a head of 4 feet of water run- 
ning over it. A few enquiries were made. We went up about a mile 
above Alampur, saw what was tu beseen, intending to return by the Chamb; 
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but this we were not fated to do. We were caught in the strong current 
of the Beyn and carried at once down the stream, in the direction of the 
causeway, the boat going anyhow, broadside, stern or bow foremost. A 
rudder over was pat out over the stern, and we got its head straight and 
managed to get over the causeway without very much difficulty. When 
it became dark the wind went down, and we had no moon no stars to 
guide us or show us where we were. Suddenly we were bumped against 
some submerged trees, getting clear of these we saw a dark mass looming 
ahead of us, it was the Beyn bridge. We just had time to steer straight 
for the centre span, and crouch down in the boat as we ‘shot the bridge.’ 
I tonched the soffit at the crown of the arch as we passed.” 

In the cold weather of 1876 I visited the places where the Beas finds 
its way into the Chamb, and was then convinced that it 1s only a question 
of time; it may be four, five or ten years hence ; but sooner or later the 
Beas will, after having cut into its left bank a certain distance and find- 
ing nothing to retain it, pour the greater part of its waters into the 
Chamb, regain its old bed, and sweep clean everything before it, villages, 
crops, roads, bridges and embankments as far as Sultanpur in the Ka- 
purthala State. 

Protective measures are urgently needed, and I would suggest the fol- 
lowing :— 

I. A complete scheme for reboising the Siwaliks from the Sutlej to 
the Bens, and similar operations on a large scale far up the Beas valley. 

II, Extensive operations comprising bands, spars, training works, &c., 
in the Beas valley, for the purpose of straightening the course of the river, 
deepening its channel, and deflecting it as far as possible, and wherever 
practicable on to the Gurdaspur bank which is high, and where little or 
no damage could result. 

I. Reboisement— 

The Forest Act of 1878 empowers Forest and District officials to carry 
out all measures requisite to preserve and ‘reboise” certain tracts from 
the destructive results consequent to a reckless denudation of forest 
area. To carry out the provision of this Act in Hoshiarpur, an Assist- 
ant Conservator of Forests with a subordinateesta blishment consist- 
ing of—-2 Foresters, 50 Rakhas or Chowkidars, and § Jemadars is needed. 
Annual cost not to exceed Rs, 6,000, and the cost to be borne by the 
Hoshiarpur Local Funds. 
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It has been calcnlated that one-fourth of the actual average of each hil! 
_ village is ample for the requirements of the inhabitants. 

Allowing to each village 4,000 (four thousand) bigahs of land, this 
area should be demarcated into blocks of 100 (one hundred) bigahs each, 
numbered consecutively from 1 to 40. Operations being started say in 
1880, blocks numbers 1, 11, 21, 31, 2, 12, 22, 82, 3, 18 would be made over 
to the Gujars to cultivate, graze cattle, &c., thereon the remainder to be 
enclosed fenced off, and the provisions of the Act to be vigorously enforo-~ 
ed, grazing, clearing jungle, &c., to be made penal. 

At the expiration of seven years, say by April 1887, blocks numbers 
23,33, 4, 14, 24, 34, 5, 15, 25, 35 to be made over, broken up and cleared 
for cultivation and pasture, the first lot or series to be taken over and 
brought under conservancy, and so on iu regular succession, in this manner 
three-fourths would always be under forest conservancy. In this manner 
the interests of the villagers and the estate in general would be amply 
protected; of conrse as the forest grew valuable each village would have 
te contribute its share of cost of subordinate establishment. 

It may be urged that the prices of most commodities would rise, ow- 
ing to the scarcity of fuel, and that the Gujars, Paharis and villagers of 
montane tracts would suffer from such an infringement on their rights 
as would be entailed by bringing these hills under forest conservancy , 
but allow me to state that under the present system ten or twelve years 
hence these very rights would have no existence whatever, as it is highly 
probable, nay almost certain, that by that time these Siwaliks would cease 
to bear vegetation of any sort. Moreover in the Hoshiarpur parganah 
alone there are 35,000 bigahs of land brought to that state known as 
choburdi or deluviated, representing a dead loss to Government of Rs, 
50,000 per annum in land revenue, and the total loss in this district 
alone may be put down as considerably over Rs. 100,000, per annum. 

The above would be the cheapest method of dealing with the evil, 
thongh in my opinion it would be true policy if the Government were to 
bay up large tracts of land in the Siwaliks, having their own reserves and 
plantations, a valuable legacy for future generations, a sure and prolifie 
source of revenue. 

The Grand Trunk Road and Railway ron almost parallel to each other, | 
and cross the drainage throughont the Doab: the evil effects arising from 
excessive floods are alternately ascribed to one or the other of these 
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works, the railway however being in public opinion the chief delingnent ; 
when the Delhi Railway was first projected, aligned and works started 
the able Engineers who drew up the project gave what was under the 
conditions of those days ample waterway throughout this Doab; bat from 
Phillor to Kartarpur, the floods due to a reckless system of ‘ deboise- 
ment” in these hills, have increased in severity, the failure of numerous 
viaducts from year to year in the Doab culminating in the grand disaster 
of 1878 confirm this theory. 

Nothing short of a complete system of reboisement in the Siwaliks, 
will effectually protect the country from Phillor to Kartarpur, and with 
it the Railway and Grand Trunk Road, and to be effectual it must be 
complete, half measures will do no good. 

In the Beas valley we have to deal with the Beas as the chief, if not 
sole source of evil, to mitigate which a costly and arduous struggle must 
be waged with nature; a struggle of the result of which we need not 
despair, provided prompt action is taken. 

In the accompanying Sketch Map will be seen a road running parallel 
to the Beas, from the town of Miani to the village of Kolian, wherever 
the level of this road is sufficiently high it checks the ingress of water 
into the Chamb, but in most places, where the level has sunk, the water 
in flood pours over it unchecked. 

One of the first measures 1 would advocate would be the raising of this 
road at least three feet above ‘highest flood level,” this has been advoca- 
ted by more than one Engineer who has visited this part of the district. 

I have been informed on good authority, that the Kapurthala State 
has professed its readiness to spend a couple of lakhs of rupees, provided 
the Government and Railway would take the initiative in the matter. 

The operations would be costly, and would extend over a period of some 
two or three years, and would require at least Rs. 500,000, which might 
be met as follows— 

Rea, 
Kapurthala State, —... bi s, «ee =2,00,000 
Scinde, Panjab and Delhi Railway, ... .. 2,00,000 
Panjab Government, ... ss oe -- 50,060 
Hoshiarpur Locel Fund, at ses e- 80,000 
Jalandhar, ... a ae ee 2. 20,000 


OD CALI TIEEY 


Total, ... 5,00,000 
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‘ 

This may sound a large sum, but until the Kapurthala State, the Rail- 
way and Grand Trunk Road can be protected from the disastrous effects 
of the overflow of the Beas into the Chamb, I do not think that money 
or exertions should be spared. Moreover the land reclaimed in this dis- 
trict alone would yield very nearly Rs. 15,000 land revenue to Government, 
or 3 per cent. on the total outlay. The maintenance of our communications 
with the North-West Frontier is of paramount importance, with a gap 
25 miles long, no road, no bridges, no embankments, and a large river to 
cross after that, it is impossible to depict the disastrous effects which 
might have resulted had Government been compelled to push up 25,000 
troops to the Frontier during August and September, supposing Shere Ali 
Khan had chosen to precipitate the prescnt crisis six weeks cvarlier than 
he did. 

C.G. FB. 
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ENQUIRY INTO THE POSSIBILITY OF THE USE OF 
WIND POWER FOR IRRIGATION. 
{ Vide Piate.] 


eee ee ee ~—— 


No. C-183 W, dated 19th February, 1877. 


Note by Cor. H. A. Browntow, R.E., Offg. Chief Engineer, Irrigation 
Works, N.-W. Provinces, on a letter from Mr. F. B. Thuber of New 
York, inviting attention to the desirability of using Wind-mills as a means 
of raising water for Irrigation in India. 


I wave for many years held the opinion that the wind in the N,-W. Pro- 
vinces of India is far too uncertain and variable in its strength to admit 
of its being uscfully applied as a motive power. 

It blows for only two or three months with any steadiness, and is 
practically calm for the remainder of the year, but is apt to make up for 
deficiency of force at other times by occasionally coming in gales and 
cyclones which would level the wind-mill. 

Being, however, unwilling to put forward this opinion officially unsup- 
ported by any facts, I asked my Personal Assistant, Mr. Nelson, to see how 
it would stand the test of comparison with anemometrical registers, and 
append to this Note the results of his enquiries. 

They seem to me fully to support my view of the matter, and I would 
suggest that enquiries of a similar nature might advantageously be made 
in other parts of India. It would then be known with some degree of 
certainty where wind-mills could be profitably erected, and the frequently 
recurring suggestions for their use would either be definitely answered, 
or take useful shape. 


183 2B 


2 ENQUIRY INTO POSSIBILITY OF USE OF WIND POWER, ETE. 


Annexure to Offg. Chief Engineer’s No. C133 W, dated 19th F, ebruary, 
1877. By P. Newson, Esq., Asst. to Chief Engineer. 


Smeaton, in a table at the end of his “ Experimenta) papers on the power 
of water and wind to turn mills, &., &c.”* says, that when the velocity of 
the wind is 1 mile an hour it is “ hardly perceptible;” when 2 and 3 milesan 
honr, it is “ just perceptible ;” and when 4 and 5 miles an hour, it is a “ gen- 
tle, pleasant wind :” from this I gather that a “ light breeze” (mentioned by 
Mr. Thuber) is rather more than 4 miles an hour, or about 6 feet.a second. 

Smeaton does not say definitely what is the least wind-velocity requir- 
ed to move the arms of a wind-mill with effect, but it appears from the 
general tenor of his essay, and the figures in his table, that 44 feet per 
second is the minimum; this equals a little more than 3 miles an hour. 
(I have consulted other works without being able to obtain information 
on this point). 

Three miles an hour is equivalent to 72 miles per diem; 4 miles an 
hour equals 96 miles a day. Appended is a Table (A.) showing the wind 
velocities of five stations in the North-West Provinces and Qudh, from 
November 1871 to November 1874 (a period of 37 months), abstracted 
from the tables published monthly in the N.-W. Provinces Gazette by 
the Meteorological Reporter. A study of the table shows that— 

I. At Roorkee—The average velocity of the wind exceeded 3 miles 
an hour in June and July 1872; February, March, May, June and 
July 1873; and May, June and July 1874, or in 10 months out of 
the 37. 

A velocity of 4 miles an hour was reached in May and June 1873, or 
in 2 months out of 37. 

Il. At Bareilly—The velocity exceeded 3 miles an hour in November 
and December 1871; in February, March, April, May, June and July 
1872; in February, March, April, May, June and August 1873; and in 
March, April, May, June, August and September of 1874, or in 20 months 
out of 37. 

The velocity of 4 miles an hour was exceeded in the months of Feb- 
ruary and June 1872; March, May and June 1878; and May and August 
1874, or 7 months out of 37. 

III. At Agra—Three miles an hour was exceeded in December 1871; 


* Tracts on Hydraulics, edited by Thomus Tredgold, Chri] Engineer, pages 47 to 78, for reprint 
sce on. 
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mn January, February, March, April, May, June, July and August of 1872; 
in January, February, March, April, May, June, July, August and Sep- 
tember of 1873; and in January, February, March, April, May, June, 
July, August and September of 1874, or in 26 months ont of 37. 

Four miles an hour were reached in February, April, May, June and 
July of 1872; in March, April, May and June 1873; and in February, 
March, April, May, June, July and August of 1874, that is, in 16 out of 
37 months. 

IV. At Lucknow—The wind velocity exceeded 3 miles an hour in 
February, March, April, May, June and July 1872; in February, March, 
April, May, June, July and October 1873; andin February, March, April, 
May aud June of 1874, that. is, in 18 months out of 37. 

The velocity of 4 miles an hour was reached in June and July 1872; 
in March and May of 1873; and in March, May and June of 1874, or 
in 7 months out of 37. 

V. At Benares—Three miles an hour were exceeded in March, April, 
May, June, July and August 1872; in March, April, May, June, July, 
August and September 1873; and from January to September (inclu- 
sive) In 1874, or in 22 months out of 37. 

Four miles an hour were exceeded in May, June and July 1872; in 
May, July and September 1873; and in February, March, April, May, 
June, July and August 1874, altogether in 13 months out of 37. 

The ordinary course of agriculture in these Provinces requires that 
irrigation for the Rabi (cold weather) crops should be in progress during 
November, December, January and February; and for the Khamf (or 
hot weather) crops, in April, May and June. Only in very exceptional 
years would irrigation be generally resorted to in July, August, Septem- 
ber and October, and even if the wind were favorable, it would scarcely 
pay to erect mills to be used only once in 10 years or so. 

It will therefore be convenient to considcr the Rabi and Kharif separ- 
ately: and further to notice the number of calm days in each month, 
and the variation of the wind; for this latter purpose I have collected 
the anemometrical results published for the year 1875. 


Rabi. 


November.—During the five years 1871 to 1875 (inclusive), the wind 
was only once (1871) of sufficient velocity to move the sails of a mill, 
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and that only at one station (Bareilly) out of five. The month is usually 
calm. 

December.—In 1871 the wind was above the minimum 8 miles an hour, 
but only at two stations (Bareilly and Agra) out of five. Decembers 
1872, 1873, 1874 and 1875 were all calm months at all stations, during 
which wills would not have worked. 

January.—During the years 1872, 1873, 1874 and 1875, the wind was 
three times above the minimum at Agra (1872, 1873 and 1874), and 
once at Benares (1874). At all other places it was below. At no 
place was the velocity of 4 miles an hour reached. It is therefore mani- 
fest that wind-mills would be of no use in January. 

February.—In 1872 the wind at three* stations out of five was above 
the minimum, and in two of these (Barcilly and Agra) above the rate of 
4 miles an hour. In 1873 the wind at four stations out of five was above 
the minimum, but at none above the “light breeze” figure. In 1874 the 
wind was above the minimum in threct out of five stations, and in two of 
these it was a “‘light breeze;” and lastly, in 1875, the same three sta- 
tions show a velocity above the minimum, as did so in 1872. Altogether 
February is a more windy month than any of the three preceding ; yet 
the wind is so variable, and so often below 3 miles an hour at so many 
atations, that it may safely be said that wind-mills would not work. 

It is clear from the foregoing that wind-mills could not be worked 
during the Rabi months, and the Rabi is the most important season in 
the year, especially where irrigation is practiced from wells, for the area 
usually irrigated in Rabi is about four times that irrigated in Kharif. 


KyARIF. 


April.—In 1872 the velocity was above the minimum in four stations 
out of five, but in only one (Agra) did it blow a “ gentle breeze.” 18738 
was the same as 1872. In 1874 the wind was variable, but in three 
places exceeded 4 miles an hour, and 3 miles in four places. In 1875 the 
wind was generally above the minimum, and in two out of four stations 
was more than 4 miles an hour. During this month, therefore, wind-mills 
would probably work, excent in the upper districts of the Ganges-Jumna 
Duab. 


* Bareilly, »- = FOL per diem. | ¢t Agra, -. 102 por diem. 
Agra, anc AUT vs Lucknow, . 8 ,, 
Lucknow, me SM Benares, we LON F 
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May.—In 1872 the wind was above the minimum in four out of five 
stations, and exceeded 4 miles an hour in two places (Agra and Benares). 
In 1873 the velocity generally exceeded 4 miles an hour, as it did too 
in 1874, except at Roorkee, where the mean was just 3 miles an hour. 
The Meteorological Reporter says for 1874, that calms were frequent. 
In 1875 also the velocity was generally over 4 miles an hour. 

In the month of May, therefore, it may be accepted that wind-mills 
would work fairly well. 

June.—This is usually a windy month, but the wind is variable. 

For the purposes of Kharif irrigation, it would appear that wind-mills 
are feasible; but the fact should not be lost sight of that during the three 
months, April, May and June, violent sandstorms, capable of throwing 
down large trees, are of frequent occurrence, and any mill to be worked 
during those months must needs be of great strength and consequently 
very expensive. 
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ENQUIRY INTO POSSIBILITY OF USK OF WIND POWER, ETC. 


No. 204. 


From—H. F. Bruanrorn, Esq., Meteorological Reporter to Govern- 
ment of India. 


To—-Zhe Secy. to Govt. of India, Department of Revenue, Agriculture 

and Commerce. 

I have the honor to return herewith the papers on the subject of 
wind-mills in the N.-W. Provinces, forwarded to me for remark, under 
your endorsement No. 27 of the 13th instant. 

The question of the applicability of wind-mills for the purpose of 
irrigation must of course depend upon many circumstances, besides the 
existence of a sufficient motive power, but as this condition is funda- 
mental, | may add a few remarks to those in the body of the report on 
this subject. 

The mean diurnal movement of the wind at certain stations in the 
N.-W. Provinces has been given in the report from data supplied ap- 
parently by the Meteorological Reporter for the N.-W. Provinces. But 
the mean diurnal movement is an unfavorable criterion of the available 
wind-power, since it is well known that in most parts of India the wind 
movement is greater during the day, especially in the afternoon, than dur- 
ing the night. The hourly observations that are now recorded on certain 
days at certain stations in the N.-W. Provinces afford the means of 
showing this. I bave selected those of Agra, and have tabulated the 
averayes under each month, omitting those of the rains. The figures 
for the three months January to March, are the averages of four days’ 
observations, those of the remaining months, of 8 days’ observations. 

The result shows that on an average there are several hours during 
the day in which the velocity of the wind at Agra is considerably above 
the requisite minimum deduced from Smeaton’s cetimate, although the 
mean of the twenty-four hours in certain months is below that minimum, 
and it my still, therefore, be a question whether at stations such as 

wind-wills might not be used with advantage. 
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Mean hourly movement of the wind at Agra. 
































Hours. : : f Z £ | a 
{#2 i4 kc 2 3 4 8 

1 ao | it | a7 | go! oe | ot | ot | an 

2] 31 / 20] 380] 32 | a8 | 31] 55 | 46 

s | 28 | 21 | 89 | 37 | 26 | a7 | 44 | 49 

a{| Ba 28} 28 | 37 | 21 | ot | sO | 47 

5 2.4 2-5 3.9 3.7 2.9 3.8 4:0 58 

6 | 23 | 25 | 39 | 301 27 38 | 50 | 73 

7 | 25 27 | 37 | 35 | 296) 22 | oa | Bs 

s | 30 | 30 | 54] 44 31 | 29 | 57 | ot 

9 | 27 33 | 38 | 38 as | 54] 61 | 73 
10 | 45 36 | 72 | BT 57 | Go | 74 1 80 
u | 42 1 44] 63 | ob | ze] 62 | v4 | ze 
12 45 | 49 | ob | 49 | 55 | o2 | ve] 87 
is | 49 | 48 | 72] os 69 | 81 | 63 | 8 
14 67 | 45 | 42 | of | vo | 66] 68 | 98 
15 63 | 50 1 ot | 57 | vat se] so | 76 
1 | 5b | 37 | 72 3 | gl 76 | 49 | BF 
7 | 34] 24] 3 59 | 49 | 60 | 50 | 70 
18 a7 | 2a 2a | a9 | st | 65 | o4 | 68 
19 | 22 15 | 16; 34] 25 | 40.{ 52 1 58 
20 1g | 20 | 26 23 | 23 | a7 | 53 | 64 
21 148 17 | 28 | 26 11 | 32 | 66 | 56 
22 15 | 13a | 31 2-6 10 | 42 | 5B | 3g 
28 1.6 14 | 29 og | o9 | 38 | 64 | 43 
24 14 | 25 | 39 12} 39 | 48 | 40 

Total,| 768 | 67-6 | 1002 | 1001 | 892 | 154 | 1877 | 1518 
Mean,| 82 | 261| 417| 417| S71| 48 | 578| 692 
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Fixtract rrom Tracts on Hypravuios, epirep py THomas Trepao.p, 
1837, Panr IIT. or Smearon’s Exrerimentat Parers on 
THE POWER OF WATER AND WIND TO TURN MILLS. 


On the Construction and effects of Wind-mill Sails. 


In trying experiments on wind-mill sails, the wind itself is too uncer- 
tain to answer the purpose, we must, therefore, have recourse to an 
artificial wind. 

This may be done two ways; either by causing the air to move against 
the machine, or the machine to move agaiust the air. To cause the air 
to move against the machine, in a sufficient volume, with steadiness and 
the requisite velocity, is not easily put in practice: to carry the machine 
forward in a right line against the air would require a larger room than 
I could conveniently meet with. What I found most practicable, there- 
fore, was to carry the axis, whereon the sails were to be fixed, progressively 
round in the circumference of a large circle. Upon this idea* a machine 
was constructed, as follows :— 

Fig. 1 of Plate. 

ABC is a pyramidical frame for supporting the moving parts. 

DE is an upright axis, whereon is framed 

FG, an arm for carrying the sails at a proper distance from the centre 
of the upright axis. 

H is a barrel upon the upright axis, whereon is wound a cord; which, 
being drawn by the hand, gives a circular motion to the axis, and to the 
arm FG, and thereby carries the axis of the sails in the circumference of 
a circle, whose radius is DI, causing thereby the snails to strike the air, 
and turn round upon their own axis. 

* Some years ago, Mr. Rouse, an ingenious genticman of Harburough, in Leicestershire, set abont 
trying experiments on the velocity of the wind, and force thereof upon plain surfaces and wind-mill 
patie and much about the same time, Mr. Ellicott contrived a machine for the nse of the late celebrated 
Mr. B. Robins, for trying the resistance of plain surfaces moving through the air. The machines 
of both these gentlomen were much alike, though at that time totally anacquainted with each 
other’s inquiries. But it often happens that when two persons think justly upon the same subject, 
theix experiments aro alike, This machine was also built upon the sanie idea as the foregoing, but 
differed in having the hand for the first mover, with a pendulum for tts regulator, instead of a 
weight, as in the former, which was certainly best for the purposes of measuring the impulse of the 
wind, or resistance of planes; but the latter is more applicable to experimenta on wind-mill sails, 


because every change of position of the same salls will oocasion their meeting the air with a different 
yolocity, though urged by the sume weight. 
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At L is fixed the end of a small line which, passing through the pul- 
lies MNO, terminates upon a small cylinder or barrel upon the axis of 
the sails, and, by winding thereon, raises 

P, the scale, wherein the weights are placed for trying the power of 
the sails. This scale, moving up and down in the direction of the up- 
right axis, receives no disturbance from the circular motion. 

QR two parallel pillars standing upon the arm FG, for the purpose of 
supporting and keeping steady the scale P; which is kept from swinging 
by means of 

ST, two small chains, which hang loosely round the two pillars. 

W is a weight for bringing the centre of gravity of the moveable 
part of the machine into the centre of motion of the axis DE. 

VX is a pendulum, composed of two balls of lead, which are moveable 
upon a wooden rod, and thereby can be so adjusted, as to vibrate in any 
time required. This pendulum hangs upon a cylindrical wire, whereon it 
vibrates, as on a rolling axis. r 

Y is a perforated table for supporting the axis of the pendulum. 

Note.—The pendulum being so adjusted, as to make two vibrations in 
the time that the arm FG is intended to make one turn; the pendulum 
being set & vibrating, the experimenter pulls by the cord Z, with suf- 
ficient force to make each half revolution of the arm to correspond with 
each vibration, as equally as possible, during the number of vibrations 
that the experiment is intended to be continued. A little practice renders 
it easy to give motion thereto with all the regularity that is necessary. 


Specimen of a set of Hxperiments. 


Radius of the sails, ae aes ue ... 21 inches. 
Length of ditto in the cloth, ... se .. 18 
Breadth of ditto, ... aus acs ove eve 56 

rn { Angle at the extremity, ... re sas «s+ 10 degrees. 
Ditto at the greatest inclination, ... ee we 20 
20 turns of the sails raised the weight ... -ee 11°3 inches. 
Velocity of the centre of the sails, in the circum- 


ference of the great circle, in a second, a. 6 feet. 
Continuance of the experiment, ...  —«.- «-. 52 seconds. 


* In all the following experiments the angle of the sails is accounted from the plane of their 
motion; that is, when they stand at right angles to their axis, their angle is denoted 0°, this nota- 
tion being agreeable to the language of practitioners, who call the angle so denoted the weather of 
the sail; which they depominate groater or less, according to the quantity of this augle, 
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Weight in 
No. the — Turns. Product. 


een 0 80 108 eee 0 
eee 6 eee 85 eee 510 
: 6h owe BL ae BOG 
7 eee 78 eee 546 


930 Or mm 65 ho he 
e 
: 


ryy) 74 eee 73 eee 547} maximum. 
ane 8 eee 65 eee 520 
eee 9 see 0 coe 0 


N.B.—The weight of the scale and pulley was 3 oz.; and that 1 oz. 
suspended upon one of-the radii, at 124 inches from the centro of the 
axis, just overcame the friction; scale, and load of 74 ths.; and placed 
at 143° inches, overcame the same resistance with 9 ibs. in the scale. 


Reduction of the preceding Specimen. 


No. 5 being taken for the maximum, the weight in the scale was 7 ibs. 
8 oz., which, with the weight of the scale and pulley, 3 oz., makes 7 ths. 
11 02., equal to 123 oz. ; this added to the friction of the machinery, 
the sum is the whole resistance.* The friction of the machinery is thus 
deduced ; since 20 turns of the sails raised the weight 11:3 inches, with 
a double line, the radius of the cylinder will be *18 of an inch; but, had 
the weight been raised by a single line, the radius of the cylinder being 
half the former, viz. ‘09, the resistance would have been the same. We 
shall, therefore, have this analogy: as half the radius of the cylinder is 
to the length of the arm where the small weight was applied, so is the 
weight applied to the arm to a fourth weight, which is equivalent to the 
sum of the whole resistance together; that is, -09 $ 12°5%% 102. ¢ 189 
oz.; this exceeds 123 oz., the weight in the scale, by 16 oz. or 1 tb., 
which is equivalent to the friction ; and which, added to the above weight 
of 7 Ibs. 11 oz. makes 8 ths. 11 oz. = 8°69 tbs. for the sum of the whole 
resistance; and this, multiplied by 73 turns, makes a product of 634, 
which may be called the representative of the effect produced. 

In like manner, if the weight 9 tbs. which caused the sails to rest after 
being in motion, be augmented by the weight of the scale and its relative 
friction, it will become 10°37 tba. The result of this specimen is set down 
in No. 12 of Table 1., and the results of every other set of experiments 
therein contained were made and reduced in the same manner. 


* The resistance of the alr is not taken into the account of resistance, because it ie inseparable 
trom the application of the power. 
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Tasue I, 


Containing nineteen sets of Experiments on Wind-mill Saile of various 
structures, positions, and quantities of surface. 
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1715 30 | 96 id 63 | 12:09} 14:78 


1812 22° 105 
19/12 192 | 99 | 64d 18-06) «. eA estLi4e 10:3°9 | ood 


peta, | -wenemesh | scumensnnie tment | “re aemane | aE | qqueyeeners | eamtETD | cee Y 


O12 (12 |} .. | 70) 68} 7-56 4411 404. | 10:83) 10:10°1 

ape “common alts \ts \105 | 69 | &72| 8-121 464} 404] 1056.6] 10:81 10.1046 

. 4118 118 | 96 | 66 | 7-0 | 9°81) 462] 404) 10:7 | 10:7°11 10:10-15 
practice, 

“Weathered ac-(| 5| 9 (263) .. | 66 | 701 .. | 462] 404) 2. | e. | 10:14 
cording to a 6i12 ja98} .. | 704] 7°35) 2. | 518] 404) 2 | ee | 102128 
laurin’s theorem, | iP ° 324) .. | G34] 83] .. | 527) 404) .. ee {10:18 

15 {120 | 93 | 4°75] 6°31) 442/404! 10:7-7) 10:8°9] 10:11 

Sails weathered 18 {120 | 79) 70 | 812) 553) 404) 10:6°6) 10:8°6) 10:13°7 
in the Dutch man- . 20 | «2 | 78 | 75 | 8-12) 685] 404) 2. | 10:9°2| 10:14-5 
ner,triedin various 7sl22g)113 | 77 | 83 | 9°81) 639) 404; 10:6°8) 10:8°5) 10:15°8 
positions, sé 12 10 (25 (108 | 73 | 8-69] 10°37] 634) 404: 10:6°8) 10:8-4) 10:15°7 

13{12 27 Fs 6G | 8-41) 10°94] 580} 404! 10:6°6] 10:7-7| 10:14-4 

Di ommibecqaaen ai “leat 75 | 10-65] 12°59) 799) 505) 10:6%1] 10:85] 10:15°8 
ner, bat enlarged (1310 [25 i117 | 74 | 11-08) 13°69 a0 505' 10:63 10:8°1) 10:26°2 
towards the ox.{ Oe (27 114 | 66 | 12:09 14-23 7991 505! 10:5°81 10:8°4: 10:15°8 
762| 505| 10:66] 10:8°2/ 10:15°1 














OBSERVATIONS AND DEDUCTIONS FROM THE PRECEDING EXPpErriImeEents. 


I. Concerning the best form and position of Wind-mill Sails. 


In Table I., No. 1, is contained the result of a set of experiments upon 
sails set at the angle which tho celebrated Mons. Parent, and succeeding 
geometricians for many years, held to be the best; viz. those whose 
planes make an angle of 55°, nearly, with the axis; the complement 
whereof, or angle that the plane of the sail makes with the plane of their 
motion, will therefore be 35° as set down in columns 2 and 3, Now, if 
we multiply their number of turns by the weight they lifted, when work- 
ing to the greatest advantage, as set down in columns 5 and 6, and com- 
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pare this product (column 8) with the other products contained in the 
same column, instead of being the greatest, it turns out the least of all 
the rest. But if we set the angle of the same planes at somewhat less 
than half the former, or at any afgle from 15° to 18°, as in Nos. 3 and 
4, that is, from 72° to 75° with the axis, the product will be increased in 
the ratio of 31 345; and this is the angle most commonly made use of 
by practitioners, when the surfaces of the sails are planes. 

If nothing more was intended than to determine the most efficacious 
angle to make a mill acquire motion from a state of rest, or to prevent it 
from passing into rest from a state of motion, we shall find the position 
of No. 1 the best; for if we consult column 7, which contains the least 
weights that would make the sails pass from motion to rest, we shall 
find that of No. 1 (relative to the quantity of cloth) the greatest of all. 
But if the sails are intended, with given dimensions, to produce the great- 
est effect possible in a given time, we must entirely reject those of No. 
1, and tf we are confined to the use of planes, conform ourselves to some 
angle between Nos. 3 and 4, that ts not less than 72°, or greater than 75°, 
with the axts. 

The late cclebrated Mr. Maclaurin has judiciously distinguished between 
the action of the wind upon a sail at rest, and a sail in motion: and, 
in consequence, as the motion is more rapid near the extremities than 
towards the centre, that the angle of the different paris of the sail, as 
they recede from the centre, should be varied. For this purpose he has 
furnished us with the following theorem.* “ Suppose the velocity of the 
wind to be represented by a, and the velocity of any given part of the 
sail to be denoted by c; then the effort of the wind upon that part 
of the sail will be greatest, when the tangent of the angle, in which the 
wind strikes it, is to radius as oe + | 2 + —_ tol.” This theorem 
then assigns the law, by which the angle is to be varied according to the 
velocity of cach part of the sail to the wind : but as it is left undetermined 
what velocity any one given part of the sail ought to have in respect 
to the wind, the angle that any one part of the sail ought to have, is left 
undetermined also; so that we are still at a loss for the proper data to 
apply the theorem. However, being willing to avail myself thereof, and 
considering that any angle from 15° to 18° was best suited to a plane, 


* Maclaurin’s Account of Sir Ianac Newton's Philosophical Discoveries, page 176, Art. 29, 
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and, of consequence, the best mean angle, I made the sail, at the middle 
distance between the centre and the extremity, to stand at an angle 
of 25° 41' with the plane of the motion; in which case the velocity of 
that part of the sail, when loaded to a maximum, would be equal to that 
of the wind, orc = a. This being determined, the rest were inclined 


according to the theorem, as follows :— 


Angie with Angle of 
the axis. weather. 


= $4 .. 63°26’ .., 26° 34 
== fa... 69° 54’ .., 20° 6 

== @ , T4919 .., 15° 41' middle, 

== I$a@ .., 77° 20’ ... 12° 40° 

 o== ga... 79°27’... 10° 33’ 

- c= 2a... 81° 0’... 9° O' extremity. 

The result hereof was uscording to No. 5, being nearly the same as the 
plane sails, in their best position: but being turned round in their sockets, 
so that every part of each sail stood at an angle of 3°, and afterwards 
at 6°, greater than before, that is, their extremities being moved from 
9° to 12° and 15°, the products were advanced to 518 and 527 respective- 
ly. Now, from the small difference between those two products, we may 
conclude, that they were nearly in their best position, according to No. 7, 
or some angle between that and No. 6; but from these, as well as the 
plane sails and others, we may also conclude, that @ variation in the angle 
of a degree or two makes very little difference in the effect, when the angle 
ts near upon the best. 

It is to be observed, that a sail inclined by the preceding rule will ex- 
pose a convex surface to the wind: whereas the Dutch, and all our 
modern mill-builders, though they make the angle to diminish, in reced- 
ing from the centre towards the extremity, yet constantly do it in such 
a manner, as that the surface of the sail may be concave towards the 
wind, In this manner the sails made use of in Nos. 8,9, 10, 11, 12, and 
18, were constructed ; the middle of the sail making an angle with the 
extreme bar of 12°; and the greatest angle (which was about one-third 
of the radius from the centre) of 15° therewith. Those sails being tried 
in various positions, the best appears to be that of No. 11, where the 
extremities stood at an angle of 74° with the plane of motion, the pro- 
duct being 639: greater than that of those made by the theorem in 
the ratio of 9 $ 11, and double to that of No.1; and this was the greatest 
product that could be procured without an sugmentation of surface. 
Hence it appears, that when the wind falls upon a concave surface, it is 
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an advantage to the power of the whole, though every part, taken separately, 
should not be disposed to the best advantage.* 


Having thus obtained the best position of the sails, or manner of 
weathering, as it is called by the workmen, the next point was to try 
what advantage could be made by an addition of surface upon the same 
radius. For this purpose the sails made use of had the same weather 
as those Nos. 8 to 18, with an addition to theleading side of each of a 
triangular cloth, whose height was equal to the height of the sail, and 
whose base was equal to half the breadth: of consequence, the increase 
of surface upon the whole was one-fourth part, or as 4° 5. Those sails, 
by being turned round in their sockets, were tried in four different posi- 
tions, specified in Nos. 14, 15, 16 and 17; from whence it appears, that 
the best was when every part of the sail made a greater angle, by 23°, 
with the plane of the motion, than those without the addition, as appears 
by No. 15, the product being 820: this exceeds 639 more than in the 
ratio of 4 $ 5, or that of the increase of cloth. Hence it appears, that a 
broader sail requires a greater angle; and that when the sail is broader at 
the extremity than near the centre, this shape is more advantageous than 
that of a parallelogram.} 

Many have imagined, that the more sail the greater the advantage, 
and have, therefore, proposed to fill up the whole area: and by making 
each sail a sector of an ellipsis, according to Monsieur Parent, to inter- 
cept the whole cylinder of wind, and thereby to produce the greatest 


effect possible. 


® Dy several trials in large, I have found the following angles to anawer as well asany. The 
radius ie supposed to he divided into 6 parts; and yth, reckoning from the centre, is called 1, the 


extremity being denoted 6, 


N Angle with the Angle with the plane 
o. axis, of the motion. 
1 ane tas 72° see wes 18° 
2 ven see 71° one vee 19° 
8 ace ove 72° eee oes 18° middle. 
4 nee eee 74° eee evs 16° 
& eee wee 774° ose eee 123° 
6 eas one 83° ove wa 7° extremity. 


¢ The figure and proportion of the enlarged salla, which I have found best to answer in large, are 
represented in figure of Piale, where the extreme bar is grd of the radius (or whip, as it ia called by 
the workmen), and is divided by the whip In the proportion of 8to 5. The triangular, or leading 
wail, is covered with board, from the point downward, rd of ite height, the rest with cloth as usual. 
The angles of weather in the preceding note are best for the enlarged saila also; for, in practice, it 
{s found that the sails had better have too Httle than too much weather, 
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We have, therefore, proceeded to inquire how far the effect could be 
increased by a further enlargement of the surface, upon the same radius 
of which Nos. 18 and 19 are specimens. The surfaces, indeed, were not 
made planes, and set at an angle of 35°, as Parent proposed; because, 
from No. 1, we learn, that this position has nothing to do, when we 
intend them to work to the greatest advantage. We, thorefore, gave 
them such an angle as the preceding experiments indicated for such sort 
of sails, viz. 12° at the extremity, and 22° for the greatest weather. 
By No. 18, we have the product 1059, greater than No. 15, in the 
ratio of 739; but then the augmentation of cloth is almost 7: 12. 
By No. 19, we have the product 1165, that is greater than No. 15, as 
7310; but the augmentation of cloth is nearly as 7 $ 16; consequently, 
had the same quantity of cloth as in No. 18, been disposed in a figure, 
similar to that of No. 15, instead of the product 1059, we should have 
had the product 1886; and in No. 19, instead of the product 1165, we 
should have had a product of 1860; as will be further made appear in 
the course of the following deductions. Hence it appears, that beyond 
a certain degree, the more the arca is crowded with sail, the less effect is 
produced in proportion to the surface: and by pursuing the experiments 
still further, I found, that though in No. 19, the surface of all the sails 
together were not more than {ths of the circular area containing them, yet 
a further addition rather diminished than increased the effect. So that 
when the whole cylinder of wind is intercepted, it does not then produce the 
greatest effect, for want of proper interstices to escape. 

lt is certainly desirable that the sails of wind-mills should be as short 
as possible; but at the same time it is equally desirable, that the quan- 
tity of cloth should be the least that may be, to avoiddamage by sudden 
squalls of wind. The best structure, therefore, for large mills is that 
where the quantity of cloth is the greatest, in a given circle, that can be: 
on this condition, that the effect holds out in proportion to the quantity 
of cloth; for otherwise the effect can be augmented in a given degree 
by a lesser increase of cloth upon a larger radius, than would be required 
if the cloth was increased upon the same radius. The most useful figure, 
therefore, for practice, is that of No. 9 or 10, as has been experienced 
upon several mills in large. 

Tasie II. 

Containing the resuli of six sets of Experiments made for determining 

the difference of effect according to the different velocity of the wind. 
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N.B.—The sails were of the same size and kind as those of Nes. 
11, and 12, Table I. Continuance of the Experiment one minnte. 
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IL.—Concerning the ratio between the velocity of wind-mill sails unload- 
ed, and their velocity when loaded to a maximum. 


Those ratios, as they turned out in experiments upon different kinds 
of sails, and with different inclinations {the velocity of the wind being 
the same), are contained in column 10 of Table I., where the extremes 
differ from the ratio of 10 > 7:7 to that of 10 3 5°8; but the most general 
ratio of the whole will be nearlyas 332. This ratio also agrees sufficiently 
near with experiments where the velocity of the wind was different, as in 
those contained in Table IL, column 138, in which the ratios differ from 
10° 69 to that of 10 5 5:9. However, it appears, in general, that where 
the power is greater, whether by an enlargement of surface, or a greater 
velocity of the wind, that the second term of the ratio is less. 

EIL.— Concerning the ratio between the greatest load that the saile will 
bear without stopping, or what is nearly the same thing, between the least 
load that will stop the saile, and the load at the maximum. 


Those ratios for different kinds of sails and inclinations, are collected 
in column 11, Table 1., where the extremes differ from the ratio of 10 * 6 
to that of 10; 9-2; but taking in those sets of experiments. only, where 
the sails respectively answered best, the ratios will be confined between 
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that of 10 = 8 and of 10° 9; and at a medium about 10; 88 or 6° 5, 
This ratio aleo agrees nearly with those in column 14 of Table II. 
However it appears, upon the whole, that in those instances, where the 


angle of the sails or quantity of cloth were greatest, that the second 
term of the ratio was less. 


IV.—Concerning the effects of sails, according to the different velocity 
of the wind. 


Maxim 1.—The velocity of wind-mill saile, whether unloaded or loaded, 
80 as to produce a maximum, is nearly as the velocity of the wind, their 
shape and position being the same. 


This appears by comparing together the respective numbere of co- 
lumns 4 and 5, Table II., wherein those of Nos. 2, 4, and 6, ought to be 
double of Nos. 1, 3, and 5: but as the deviation is nowhere greater than 
what may be imputed to the insccuracy of the experiments themselves, 
and holds good exactly in Nos. 8 and 4; which sets were deduced from 
the medium of a number of experiments, carefully repeated the same 
day, and, on that account, are most to be depended upon, we may there- 
fore conclude the maxim true. 


Maxim 2.—The load at the maximum is nearly, but somewhat less than, 


as the square of the velocity of the wind, the shape and position of the 
sails being the same. 


This appears by comparing together the numbers in column 6, Table IT., 
wherein those of Nos. 2, 4, and 6 (as the velocity is double) ought to 
be quadruple of those Nos. 1, 8, and 5; instead of which they fall short, 
No. 2 by 1, No. 4 by yp, and No. 6 by '; part of the whole. The 
greatest of those deviations is not more considerable than might be im- 
puted to the unavoidable errors in making the experiments: but as 
those experiments, as well as those of the greatest load, all deviate the 
same way, and also coincide with some experiments communicated to me 
by Mr. Rouse, upon the resistance of planes, I am led to suppose a small 
daviation, whereby the load falls short of the squares of the velocity; and 
since the experiments, Nos. 8 and 4, are most to be depended upon, we 
must conclude, that when the velocity is double, the load falls short of 
its due proportion by y,, or, for the eake of a round number, by about x5 
part of the whole. 
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Maxim 8.— The effects of the same sail at a maximum are nearly, but 
somewhat less than, as the cubes of the velocity of the wind. 

It has already been proved, Maxim Ist, that the velocity of sails at the 
maximum, is nearly as the velocity of the wind; and by Maxim 2nd, that 
the load at the maximum is nearly as the square of the same velocity: 
if those two maxima would hold precisely, it would be a consequence 
that the effect would be in a triplicate ratio thereof; how this agrees 
with experiment will appear by comparing together the products in 
column 8 of Table II., wherein those of Nos. 2, 4, and 6 (the velocity 
of the wind being double), ought to be octuple of those of Nos. 1, 3, 
and 5, instead of which they fall short, No. 2 by +, No. 4 by ,',, and No. 
6 by 4 part of the whole. Now, if we rely on Nos. 3 and 4, as the 
turns of the sails are as the velocity of the wind; and since the load of 
the maximum falls short of the square of the velocity by about ,), part 
of the whole: the product made by the multiplication of the turns into 
the load, must also fall short of the triplicate ratio by about 4!, part of 
the whole product. 

Maxim 4.—TZhe load of the same sails at the maximum 14 nearly as the 
squares, and their effect as the cubes of their number of turns in a given 
time. 

This maxim may be esteemed a consequence of the three ‘preceding ; 
for if the turns of the sails are as the velocity of the wind, whatever 
quantities are in any given ratio of the velocity of the wind, will be in 
the same given ratio of the turns of the sails: and, therefore, if the 
load at the maximum is as the square, or the effect as the cube of the 
velocity of the wind, wanting .j; part when the velocity is double; the 
lead at the mazimum will also be as the square, and the effect os the 
cube of the number of turns of the sails in a given time, wanting, in like 
manner, »/5 part when the number of turns are double in the same time. 
In the present case, if we compare the loads at the maximum, column 6, 
with the squares of the number of tarns, column 5 of Nos. 1 and 2, 5 
and 6, or the products of the same numbers column 8, with the cubes of 
the number of turns, column 5, instead of falling short, as Nos. 8 and 4, 
they exceed those ratios; but, as the seta of experiments, Nos. 1 and 2 
of 5 and 6, are not to be esteemed of equal authority with those of Nos. 
3 and 4, we must not rely upon them further than to observe that in 
comparing the gross effects of large machines, the direct proportion of the 
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squares and cubes respectively, will hold as near aa the effects themselves 
can be observed; and, therefore, be sufficient for practical estimation with- 
out any allowance. 


Maxim 5.— When sails are loaded, so as to produce a maximum at 
a given velocity, and the velocity of the wind increases, the load continuing 
the same: Ast, The increase of effect, when the increase of the velocity of the 
wind is small, will be nearly as the squares of those velocities ; 2ndly, When 
the velocity of the wind ts double, the effects will be nearly as 10 } 27}; 
But 8rdly, When the velocities compared, are more than double of that 
where the given load produces a maximum, the effects increase nearly in a 
simple ratio of the velocity of the wind. 


It has already been proved, Maxim Ist and 2nd, that when the velocity 
of the wind is increased, the turns of the sails will increase in the same 
proportion, even when opposed by a load as the square of the velocity ; 
and therefore, if wanting, the opposition of an increase of load, as the 
square of the velocity, the turns of the sails will again be increased in a 
simple ratio of the velocity of the wind, on that account also; that is, 
the load continuing the same, the turns of the sails in a given time will 
be as the square of the velocity of the wind; and the effect, being, in this 
case, as the turns of the sails, will be as the square of the velocity of the 
wind also; but this must be understood only of the first increments of 
the velocity of the-wind: for, 

2ndly, As the sails will never acquire above a given volocity in rela- 
tion to the wind, though the load was diminished to nothing, when the 
load continues the same, the more the velocity of the wind increases (though 
the effect will continue to increase) yet the more it will fall short of 
the square of the velocity of the wind; so that when the velocity of 
the wind is double, the increase of effect, instead of being as 1% 4, 
according to the squares, it turns out as 10 { 274, as thug appears, In 
Table II., column 9, the loads of Nos. 2, 4, and 6, are the same as the 
maximum load in column 6 of Nos. 1, 8, and 5. The number of turns 
of the sails with those loads, when the velocity of the wind is double, 
are set down in column 10, and the products of their multiplication in 
column 11: those being compared with the products of Nos. 1, 8, and 
§, column 8, furnish the ratios set down in column 12, which, at a medi- 
um (due regard being had to Nos. 3 and 4) will be nearly as 10: 27}. 

Srdly, The load continuing the same, grows more and more inconsider- 
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able, respecting the power of the wind as it increases in velocity; so 
that the turns of the sails grow nearer and nearer a coincidence with their 
turns uploaded; that is, nearer and nearer to the simple ratio of the 
velocity of the wind. When the velocity of the wind is double, the 
turns of the sails, when loaded to a maximum, will be double algo; but, 
unloaded, will be more than triple, by deduction 2nd: and, therefore, the 
product could not have increased beyond the ratio of 10 3 30 (instead of 
10 3 274), even supposing the sails not to have been retarded at all by 
carrying the maximum load for half the velocity. Hence we see, that when 
the velocity of the wind exceeds the double of that, where a constant load 
produces a mazimum, that the increase of effect, which follows the increase 
of the velocity of the sails, will be nearly as the velocity of the wind, and 
ultimately in that ratio precisely. Hence, also, we see that wind-mills, 
such as the different speties for raising water for drainage, &c., lose much 
of their full effect, when acting against one invariable opposition. 


V.—= Concerning the effects of sails of different magnitudes, the structure 
and position being similar, and the velocity of the wind the same. 


Maxim 6.—Jn sails of a similar figure and position, the number of turns 
én a given time will be reciprocally as the radtua or length of the sail. 

The extreme bar having the same inclination to the plane of its motion, 
and to the wind : its velocity at a maximum will always be in a given ratio to 
the velocity of the wind; and, therefore, whatever be the radius, the abso- 
lute velocity of the extremity of the sail will be the same; and this will 
hold good respecting any other bar, whose inclination is the same, at a 
proportionable distance from the centre; it therefore follows, that the 
extremity of all similar sails, with the same wind, will have the same 
absolute velocity; and, therefore, take a space of time to perform one 
revolution in proportion to the radius; or, which is the same thing, the 
number of revolutions in the same given time, will be reciprocally as the 
length of the sail. 

Maxim 7.—The load at a maximum that sails of a similar figure and 
position will overcome, at a given distance from the centre of motion, will 
be as the cube of the radius. 

Geometry informs us, that in similar figures the surfaces are as the 
squares of their similar sides; of consequence the quantity of cloth will 
be as the square of the radias: also, in similar figures and positions, 
the impulse of the wind upon every similar section of the cloth, will be 
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in proportion to the surface of that section; and, consequently, the im- 
pulse of the wind upon the whole, will be as the surface of the whole: 
but as the distance of every similar section, from the centre of motion, 
will be as the radius; the distance of the centre of power of the whole, 
from the centre of motion, will be as the radius also: that is, the lever 
by which the power acts will be as the radius: as, therefore, the impulse 
of the wind, respecting the quantity of cloth, is as the square of the 
radius, and the lever by which it acts, as the radius simply; it follows, 
that the load which the sails will overcome, at a given distance from the 
centre, will be as the cube of the radius. 


Maxim 8.—The effect of sails of similar figure and position, are as the 
square of the radius. 


By Maxim 6, it is proved, that the number of revolutions made in a 
given time, are as the radius inversely. Under Maxim 7, it appears, that 
the length of the lever, by which the power acts, is as the radius directly ; 
therefore these equal and opposite ratios destroy one another: but, as in 
similar figures the quantity of cloth is as the square of the radius, and 
the action of the wind is in proportion to the quantity of cloth, as also 
appears under Maxim 7, it follows that the effect is as the square of the 
radius. 

Cono.. 1.—Hence it follows, that augmenting the length of the sail, 
without augmenting the quantity of cloth, does not increase the power; 
because what is gained by the length of the lever, is lost by the slowness 
of the rotation. 

Corox. 2.—If the sails are increased in length, the breadth remaining 
the same, the effect will be as the radius. 


Vi.—Concerning the velocity of the extremities of wind-mill sails, tn res- 
pect to the velocity of the wind. 


Maxim 9.— The velocity of the extremities of Dutch sails, as well as 
of the enlarged sails, in all their usual positions when unloaded, or 
even loaded, to a maximum, t3 considerably quicker than the velocity of the 
wind. 

The Dutch sails unloaded, as in Table I., No. 8, made 120 revolutions 
in 52 seconds: the diameter of the sails being 3 feet 6 inches, the velo- 
city of their extremities will be 25:4 feet in a second; but the velocity 
of the wind producing it, being 6 feet in the same time, we shall bave 
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6 2 25-4°°1% 4:2; in this case, therefore, the velocity of their extrem- 
ities was 4°2 times greater than that of the wind. In like manner, 
the relative velocity of the wind, to the extremities of the same sails, 
when loaded to a maximum, making then 93 tnrns in 52 seconds, 
will be found to be as 1 § 3:3; or 3:3 times quicker than that of the 
wind. 

The following table contains six examples of Dutch sails, and four 
examples of the enlarged sails, in different positions, but with the con- 
stant velocity of the wind of 6 feet in a second, from Table I.; and also 
six examples of Dutch sails in different positions, with different velocities 
of the wind from Table II. 


Tasie ITI. 


Containing the ratio of the velocity of the extremities of wind-mill sails 
to the velocity of the wind. 





RATIO OF THE VELOCITY 
OF THE WIND AND EXTHEM- 














No. of Velocity of 
. Angie at the : ITIES OF THE SAILS. 
+ Se ee ee 
Unloaded, | Loaded, 
—— herria he Cece tage aay 

i 8 0 6 0 1: 4:2 13 3:3 

2 9 3 6 0 1:42 1:28 

8 10 5 6 0 a 1:2°75 
4 11 7h 6 0 1°4 1227 md 
5 12 10 6 0 1: 3:8 1:26 2 
6 13 12 6 0 1: 3% 1:28 a 
Garey ERE smmenen =— | SD A | asa See ee | ahiwemne ss ceneetiaeneiminmematedinaedtlime steed g 
7 14 7 6 0 | 1:48 1226 & 

8 15 10 6 90 1°41 1:26 

9 16 12 6 0 1:4 122°3 

10 17 16 6 0 13 3:35 | a 
il 1 § 4 44/ 1:4 1:28 fo 
12 2 & 8 9 1: 48 1:26 2 
18 3 7k 4 4} a 1°28 ic 
14 4 7% 8 9 eee 1: 2-7 Ed 
15 5 10 4 44] 1:38 1: 2:6 5 
16 6 10 8 9 1: 34 1: 23 tea 

1, 2. 8 4. 6. 6. 


It appears from the preceding collection of examples, that when 
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extremities of the Dutch sails are parallel to the plane of motion} or at 
right angles to the wind and to the axis, as they are made according to the 
common practice in England, that their velocity, unloaded, is above four 
times, and loaded to 8 muximum, above three times greater than that of 
the wind: but that when the Dutch sails, or enlarged sails, are in their 
best positions, their velocity unloaded is four times, and loaded to a mazi- 
mum, at a medium, the Dutch sails are 2°7, and the enlarged sails 2°6 
times greater than the velocity of the wind. Hence we are furnished 
with a method of knowing the velocity of the wind, from observing the 
velocity of the wind-mill sails: for, knowing the radius and the number of 
turns in a minute, we shall have the velocity of the extremities; which, 
divided by the following divisors, will give the velocity of the wind. 


Dutch sails in their common position, ... ai ne 
Dutch sails in their best position, oe oe 
unloaded 4:0 

6 


Enlarged sails in their best position, .-4).3.3 9. 


From the above divisors there arises the following compendiums : 
supposing the radius to be 30 feet, which is the most usual length in 
this country, and the mill to be loaded to a maztmum, as is usually the 
case with corn-mills ; for every 3 turns in a minute, of the Dutch sails in 
their common position, the wind will move at the rate of two miles an hour ; 
for overy 5 turns in a minute of the Dutch sails in their best position, the 
wind moves four miles an hour; and for every 6 turns in a minute, of the 
enlarged sails in their best position, the wind will move jive miles an hour. 

The following table, which was communicated to me by my friend, Mr. 
Rouse, and which appears to have been constructed with great care, from 
a considerable number of facts and experiments, and which, having rela- 
tion to the subject of this article, I here insert it as he sent it to me; but, 
at the same time, must observe, that the evidence for those numbers where 
the velocity of the wind exceeds 50 miles in an hour, does not seem of 
equal authority with those of 50 miles an hour and under. It is also to 
be observed, that the numbers in column 3, are calculated according to the 
square of the velocity of the wind, which, in moderate velocities, from 


what has been before observed, will bold very nearly. 
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Taser IV. 
Containing the velocity and force of wind, according to their commen 
apnellations. 
VELOCITY OF TH ' : 
x OF THE 
WIND. eg E 
7: ; 3 cE Ed Common appeliations of the force of the winds. 
a ° Ses 
fe | s8 | 28 
aa » 4 Pe 
a |B | BEE | 
1 1°47 -005 | Hardly perceptible. 
2 2°98 020 : 
3 4°40 044 t Just perceptible, 
4 "87 079 : 
x tt 123 Gentlo pleasant wind. 
10 14°67 492 


Se icenoak aane | Pleasant brisk gale. 


20 29°34 1-968 : 
95 | seo7 |  a.o75 |} Very brisk. 
30 44-01 4.42%) F : 
85 5134 Ge()27 High winds. 
40 | 58°68 7-873 we hi 
45 | 66:01 9.963 Very high. 
50 | 72°35 | 12-300 | A storm or tempest. 
60 8R*U2 VT715 A great storm. 
80 {| 117°36 81-490 | A hurricane. 
100 {14670 {| 49-200, A sas that tears up érees, carries buildings before 
it, &«. 


VIl.— Concerning the absolute effect produced by a given velocity of the 
wind upon sails of a given magnitude and construction. 


It has been observed by practitioners, that, in mills with Dutch sails 
in the common position, when they make about 13 turns in a minute, 
they then work at a mean rate: that is, by the compendiums in the last 
article, when the velocity of the wind is 82 miles an hour, or 12% feet 
in a second; which, in common phrase, would be called a fresh gale. 

The experiments set down in Table II., No. 4, were tried with a wind, 
whose velocity was 8? feet in a second; consequently, had those experi- 
ments been tried with a wind whose velocity was 124 feet in a socond, 
the effect, by Maxim 3rd, would have been 3 times greater: becanse the 
cube of 122 is 3 times greater than that of 82. 

From Table IL, No. 4, we find that the sails, when the velocity of 

208 


ENQUIRY INTO POSSIBILITY OF USE OF WIND POWER, ETC. 24 


the wind was 82 feet in a second, mado 130 revolutions in a minnte, 
with a load of 17°52 tbs. From the measures of the machine preceding 
the specimen of a set of experiments, we find, that twenty revolutions 
of the sails raised the scale and weight 11-3 inches: 130 revolutions 
will therefore raise the scale 73-45 inches, which, multiplied by 17:52 ibs., 
makes a product of 1287, for the effect of the Dutch sails in their best 
position; that is, when the velocity of the wind is 83 feet in a second : 
this product, therefore, multiplied by three, will give 3861 for the effect 
of the same sails, when the velocity of the wind is 12% fect in a second. 

Desaguliers makes the utmost power of a man, when working s0 as to 
be able to hold it for some hours, to be equal to that of raising a hogs- 
head of water 10 feet high in a minute. Now, a hogshead, consisting of 
63 ale gallons, being reduced into pounds avoirdupois, and the height into 
inches; the product made by multiplying those two numbers will be 
76,800; which is 19 times greater than the product of the sails last 
mentioned, at 124 feet in a second: therefore, by Maxim 8th, if we mul- 
tiply the square root of 19, that is 4:46, by 21 inches, the length of the 
sail producing the effect 3861, we shall have 93:66 inches, or 7 feet 9% 
inches for the radius of a Dutch sail in its best position, whose mean 
power shall be equal to that of aman: but if they are in their common 
position, their length must be increased in the ratio of the square root 
of 442 to that of 639, as thus appears : 

The ratio of the maximum products of Nos. 8 and 11, Table I., are as 
442 * 639: but, by Maxim 8, tho effects of sails of different radii are as 
the square of the radii; consequently, the square roots of the products 
or effects, arc as the radii simply: and, therefore, as the square root of 
442 is to that of 639, so is 93°66 to 112-66; or 9 feet 4% inches. 

If the sails are of the enlarged kind, then, from Table I., Nos. 11 and 
15, we shall have the square root of 820 to that of 639 $2 93:66 > 82:8 
inches, or 6 feet 10% inches : so that, in round numbers, we shall have 
the radius of a sail, of a similar figure to their respective models, whose 


mean power shall be equal to that of a man. 


The Dutch sails in their common position, oo» Ob feet. 
The Dutch sails in their best position, .. © «. 8 yy 
The enlarged sails in their best position, ... ome ae 


Suppose, now, the radins of a sail to be 30 feet, and to be constructed 
upon the model of the enlarged sails, No. 14 or 15, Table L, dividing 
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80 by 7, we shall have 4°28, the square of which is 18°8; and this, ac- 
cording to Maxim 7, will be the relative power of a sail of 30 feet to one 
of 7 feet; thatis, when working at a mean rate, the 30 feet sail will be 
equal to the power of 18:3 men, or of 3% horses; reckoning 5 men to a 
horse; whereas the effect of the common Dutch sails, of the same length, 
being less in the proportion of 820 3 442, will be scarce equal to the 
power of 10 men, or of 2 horses. 

That these computations are not merely speculative, but will nearly 
hold good when applied to works in largo, I have had an opportunity 
of verifying: for, in a mill with the enlarged sails of 30 fect, applied to 
the crushing of rape-seed, by means of two runners upon the edge, for 
making oil, I observed, that when the sails made 11 turns in a minute, 
in which case the velocity of the wind was about 13 feet in a second, 
according to Article VI, that the runners then made 7 turns ina 
minute: whercas 2 horses, applied to the same two runners, scarcely 
worked them at the rate of 84 turns in the same time. Lastly, with 
regard to the real superiority of the enlarged sails above the Dutch sails 
as commonly made, it has sufficiently appeared, not only in those cases 
where they have been applied to new mills, but where they have been 
substituted in the place of the others. 


VIIL—Concerning horizontal Wind-mills and Water-wheels with ob- 
dique vancs. 


Observations upon the effects of common wind-muills, with oblique 
vanes, have led many to imagine that, could the vanes be brought to 
receive the direct impulse, like a ship sailing before the wind, it would 
be a very great improvement in point of power; while others, attending 
to the extraordinary and even unexpected effects of oblique vanes, have 
been led to imagine that oblique vanes applied to water-mills, would as 
mouch exceed the common water-wheels, as the vertical wind-mills are 
found to have exceeded all attempts towards a horizontal one. Both 
these notions, but especially the first, have so plausible an appcarance, 
that of late years there have seldom been wanting those who havo assid- 
uously employed themselves to bring to bear designs of this kind; it 
may not, therefore, be unacceptable to endeavour to sct this matter in a 
clear light. 

Fig. 2 of Plate. Let AB be tho section of a plane, upon which let the 
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wind blow in the direction CD, with such a velocity as to describe a 
given space BE, in a given time (suppose one second), and let AB be 
moved parallel to itself, in the direction CD. Now, if the plane AB 
moves with the same velocity as the wind; that is, if the point B moves 
through the space BE in the same time that a particle of air would move 
through the same space; it is plain that, in this case, there can be no 
pressure or impulse of the wind upon the plane: but if the plane moves 
slower than the wind, in the same direction, so that the point B may 
move to F, while a particle of air, setting out from B at the same instant, 
would move to EH, then BF will express the velocity of the plane; and 
the relative velocity of the wind and plane will be expressed by the line 
FE. Let the ratio of FE to BE be given (suppose 2 $ 8), let the line 
AB represent the impulse of the wind upon the plane AB, when acting 
with its whole velocity BE; but, when acting with its relative velocity 
F's, let its impulse be denoted by some aliquot part of AB, as, for in- 
stance, $ AB: then will { of the parallelogram AF represent the me- 
chanical power of the plane; that is, $ AB x 4 BE. 

2ndly. Let IN be the section of a plane, inclined in such a manner, 
that the base [IK of the rectangled triangle LINN may be equal to AB; 
and the perpendicular NK = BE; let. the plane IN be struck by the 
wind, in the direction LM, perpendicular to IK; then, according to the 
known rules of oblique forces, the impulse of the wind upon the plane 
IN tending to move it according to the direction LM, or NK, will be 
denoted by the base IN; and that part of the impulse, tending to move 
it according to the direction IK, will be expressed by the perpendicular 
NK. Let the plane IN be moveable in the direction of IK only; that 
is, the point I in tho direction of IK, and the point N in the direction 
NQ, parallel thereto. Now, it is evident, that if the point I moves 
through the line 1K, while a particle of air, setting forwards at the same 
time from the point N, moves through the line NK, they will both arrive 
at the point K at the same time; and, consequently, in this case also, 
there can be no pressure or impulse of the particle of the air upon the 
plane IN. Now, let 10 be to IK as BF to BE; and let the plane IN 
move at sach a rate, that the point I may arrive at O, and acquire the 
position 1Q, in the same time that a particle of wind would move 
through the space NK: as OQ is parallel to IN; (by the properties of 
similar triangles) it will cut NK in the point P, in such a manner, 
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that NP = BF, and PK = FE; hence, if appears that the plane IN, 
by acquiring the position OQ, withdraws itself from the action of the 
wind, by the same space NP, that the plane AB docs by acquiring the 
position FG; and, consequently, from the equality of PK to FE, the 
relative impulse of the wind PK, upon the plane OQ, will be equal to 
the relative impulse of the wind FE upon the plane FG: and since the 
impulse of the wind upon AB, with the relative velocity FE, in the 
direction BE, is represented by 4 AB; the relative impulse of the wind 
upoa the plane IN, in the direction NK, will, in like manner, be repre- 
sented by 7 IK; and the impulse of the wind upon the plane IN, with 
the relative velocity PK, in the direction Ik, will be represented by { 
NK; and, consequently, the mechanical power of the plane IN, in the 
direction IK, will be 4 the parallelogram IQ: that is } IK x $ NK: 
that is, from the equality of IK = AB and NK = BE, we shall have 
£7TQ=}ABx4BE= 34 AB x 1 BE = $ of the area of the paral- 
lelogram AF. Hence we deduce this 


GENERAL FProrosition. 


That all planes, however situated, that intercept the same ecction of the 
wind, and having the same relative velocity, in regard to the wind, when 
reduced into the same direction, have equal powers to produce mechanical 


effects. 

For what is lost by the obliquity of the impulse is gained by the velo- 
city of the motion. 

Hence, it appears that an oblique sail is under no disadvantage in res- 
pect of power, compared with a direct one; except what arises from a 
diminution of its breadth, in respect to the section of the wind: the 
breadth IN being by obliquity reduced to IK. 

The disadvantage of horizontal wind-mills, therefore, does not consist 
in this, that each sail, when directly opposed to the wind, is capable of a 
less power than an oblique one of the same dimensions; but that, in a 
horizontal wind-mill, little more than one sail can be acting at once; 
whereas, in the common wind-mill all the four act together: and there- 
fore, supposing each vane of a horizontal wind-mill, of the same dimen- 
sions as each vane of the vertical, it is manifest the power of a vertical 
mill with four sails will be four times greater than the power of the hori- 
zontal one, let its number of vanes be what it will: this disadvantage 
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arises from the nature of the thing: but if we consider the further dis- 
advantage, that arises from tho difficulty of getting the sails back again 
against the wind, &c., we need not wonder if this kind of mill is, in re- 
ality, found to have not above } or ,), of the power of the common sort ; 
as has appeared in some attempts of this kind. 

In like manner, as little improvement is to be expected from water- 
mills with oblique vanes ; for the power of the same section of a strcam 
of water is not greater when acting upon an oblique vane than when 
acting upon a direct one: and any advantage that can be made by inter- 
cepting a greater section, which sometimes may be done in the case of an 
open river, will be counterbalanced by the superior resistance that such 
vanes would meet with by moving at right angles to the current: whereas 
the common floats always move with the water nearly in the same direction. 

Here it may reasonably be asked, that since our geometrical demon- 
stration is general, and proves that one angle of obliquity is as good as 
another, why in our experiments it appears that there is a certain angle 
which is to be preferred to all the rest? It is to be observed, that if 
the breadth of the sail IN is given, the greater the angle KIN, and the 
less will be the base IK: that is, the section of wind intersected, will be 
less: on the other hand, the more acute the angle KIN, the less will be 
the perpendicular KN: that is, the impulse of the wind, in the direction 
IK, being less, and the velocity of the sail greater; the resistance of 
the medium will be greater also. MIence, therefore, as there is a dimi- 
nution of the section of the wind intercepted on one hand, and an increase 
of resistance on the other, there is some angle where the disadvantage 
arising from these causes, upon the whole, is the least of all; but as the 
disadvantage arising from resistance is more of a physical than geometric- 
al consideration, the truo angle will best be assigned by experiment. 


Scuouium. 


In trying the experiments contained in Tables L. and IL., the different 
specific gravity of the air, which is undoubtedly different at different 
times, will cause a difference in the load, proportional to the difference of 
its specific gravity, though its velocity remains the same; and a variation 
of specific gravity may arise not only from a variation of the weight 
of the whole column, but also by the difference of heat of the air concern- 
ed in the experiment, and possibly of other causes; yet the irregularities 
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that might arise from a difference of specific gravity were thought to be too 
smal] to be perceivable, till after the principal experiments were made, 
and their effects compared ; from which, as well as succeeding experiments, 
those variations were found to be capable of producing a sensible, though 
no very considerable, effect ; however, as all the expcriments were tried in 
the summer season, in the day time, and under cover, we may suppose that 
the principal source of error would arise from the different weight of the 
column of the atmosphere at different times; but as this seldom varies 
above ,', part of the whole, we may conclude, that though many of the 
irregularities contained in the experiments referred to in the foregoing 
essay might arise from this cause, yet, as all the principal conclusions are 
drawn from the medium of a considerable number, many whereof were 
made at different times, it is presumed that they will nearly agree with the 
truth, and be altogether sufficient for regulating the practical construction 
of those kind of machines, for which use they were principally intended. 
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WATER SUPPLY FOR THE CITY OF JEYPORKE. 
{ Vide Plates 1.—III.] 


By Major 8. 8. Jacos, B.S.C., Exec. Engineer, Jeypore State. 


Lue town of Jeypore is situated in a small valley surrounded by hills 
on the north, the north-west and the east; and is open only towards the 
west and south-west. The city walls stretch from hill to hill across the 
open face and enclose the city. 

The city was founded a.p. 1718 by Maharajah Sewaie Jey Singh, 
whose Encyclopedia of Hindoo Theology, Mathematical Tables, and Ob- 
servatories at’ Delhi, Bonares, Oojcin and Jeypore prove him to have been 
aman of great attainments. During the greater portion of his life, how- 
ever, he was engaged in active warfare, and it was no doubt the strong 
defensible position, which the surrounding hills give the present city of 
Jeypore, as well as its proximity to Amber, the old capital of the State, 
which induced Maharajah Sewaie Jey Singh to found the modern city 
where it now is. 

There is & small stream called the Amani Shah which rises in the hills 
north of the city, and flows past about 14 miles west of the city. The 
soil through which it passes is soft sand. From traces of an excavated 
channel, which still exist, it is evident that formerly the bed of this stream 
was about 25 feet below the surface, and that it was at one time diverted 
towards tho city, probably by an earthen bund annually constructed, as 
is done every year on this stream a few miles farther down, where the 


banks are sufficiently low 1o admit of the water being taken away. 
2 
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This perhaps may have influenced Maharajah Sewaie Jey Singh also, 
as to the site of his new city; be this as it may, at present there are 
only 49 wells of sweet water in the city out of about 827, and the Amani 
Shah now runs between banks of sand 50 feet deep, which make it 
impossible to divert the water towards the city, as we imagine it used to 
be diverted formerly. 

It is not probable that snch a man as Maharajah Sewaie Jey Singh 
would have founded Jeypore in such a position had any difficulties re- 
garding water supply then existed. 

Tradition, however, states that some attempt was once mado about Jey 
Singh’s time to bring water from the river Bandi, which runs about 20 
miles west of Jeypore, and the remains of a masonry dam in the bed of 
this river, and traces of a bank and excavation here and there across the 
country, tend to confirm these reports; the attempt, however, appears to 
have been unsuccessful. 

It is possible that failing to bring any water across the Amani Shsh, 
an attempt was made to divert it into a jhil about 6 miles north of Jey- 
pore, known as Bhao Sagar or Akhera Talao. An excavated channel for 
sbout a mile in length and 50 feet wide shows some such attempt was 
once made. We have taken advantage of this to increase the water 
supply to Bhao Sagar, by connecting this cut with the hills adjacent, 
this, however, is no part of the city water supply, and is purely for 
irrigation. 

Another attempt was made to supply the city about 35 ycars ago with 
water from the Amani Shah. A large masonry dam (remains shown in 
Plate 1.) about 60 feet high and 300 feet long with massive apron in 
steps, was built across the nallah to impound the floods, and a masonry 
duct in section 8’ x 2’ provided with upright masonry air shafts at every 
400 feet was constructed for a length of 3 miles to the city, where open 
reservoirs in the city squares were made to receive the water. 

The difference of level between the dam and the city was so little, that 
it was necessary to take off the duct at the top of the dam, and owing to 
high ground between the dam and the city, it was necessary to make the 
duct take a wide detour to the south before it reached the city. Even 
then the ducts entered the service reservoirs at the bottom. 

The dam was founded on wells, and appears to have been built of first 
rate masonry. Bathing ghats were built on the banks of the nalish 
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at. each end of the dam on the up-stream side, and wells for irrigation 
were made along the banks of what, it was intended should be, a grand 
storage reservoir. #, 

It took some seasons to fill up, but eventually it is stated the water 
did reach the level of the duct to the city, though only for a short time. 

Water was, however, soon scen to spurt out at one side of the dam, 
the jet became a torrent, the west half of the dam was carried away, and 
by evening there was nothing left, after an expenditure of about 44 lakhs 
rupees, but a gigantic ruin and an empty nallah, the bed of which was 
many feet below what it was before the dam was made. 

The Maharajah himself, then a minor, was an eye-witness of the ca- 
tastrophe, and describes it as “the most grand and most expensive 
tamasha”’ ho has ever secn. 

The project was obviously badly devised in many ways, but the chief 
cause of failure was that the wings were insufficiently run into the banks, 
and the water got round them. 

No attempt was made after this to supply the city with water until 
the present project was undertaken, which has been successful, and forms 
the subject of this paper. 

It was not an easy matter to decide what course to follow. 

If it were possible to get a good large drainage area ensuring certain- 
ty of supply, and a good site for impounding the necessary amount of 
water at a moderate cost, there would be no question as to the advantages 
of such a project for supplying water; and if the city of Jeypore had been 
any where clsc in the State, some project of this sort might perhaps have 
been adopted, but tho hills near Jeypore have no gathering ground, and 
there are no rivers near enough to the north of Jeypore, the only direc- 
tion from which the levels would admit of water being brought by natur- 
al fall to the city. 

The Bandi river was carefully examined. 

The highest point that it begins to appear as a perennial stream is near 
Tantiawas; the supply is very scanty, and even here after making a weir 
10 feet high which would be very expensive, the levels would only admit 
of a fall of 10 inches in the mile, the distance would be about 20 miles, 
the Amani Shah would have to be crossed by an expensive aqueduct, and 
the water even then would not be under pressure, and might in dry years 
fail altogether, 
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Any attempt to take water at a point higher up the river Bandi 
would necessitate the construction of a large reservoir, for which no good 
site exists, and which, cven if there was a site, would be dependent upon 
the uncertain and scanty rain fall of these parts, and would require about 
80 miles of duct to lead it off. 

For these reasons the idea of using the Bandi as a means of supply 
‘was abandoned. 

A suggestion was made to utilise the water in Bhao Sagar, allnded to 
above as a natural jhil, about 6 miles north of Jeypore, but the objections 
to this are that the water is very shallow and not good, the supply to it 
is not certain, and in two or three years the reservoir might fail, and there 
is no means of increasing the supply; also that the cost of taking o duct 
in contour throngh and round the hills and then filtering the water, would, 
considering the uncertainty, be a fatal objection to it. 

Another suggestion was to sink a series of wells, connect them alto- 
gether by ducts below the water level, and then to lead the water to the 
city or pump it up. The former, I believe, is the system adopted in 
Afghanistan or other countries, and may answer where thie levels admit, 
and where the supply is plentiful and certain and soil good, but hore not 
one of these conditions are to be had, and as to pumping up, it is better 
to go to the Amani Shah nallah bed, where the supply is certain and water 
excellent, than to make any attempt at sinking wells elsewhere. 

It seems to me, therefore, that the Amani Shah is really the only source 
on which we can depend, and it only remains to show how this has been 
taken advantage of. 

The following is the report of the Government Analyst at Calcutta, 
upon this water :— 


Total solid matter in solution, .. as oe ee ee 24:00 
Lime (CAO )s oe oe oe oe oe oe ee 9°01 
Magnesia (MGO), os ee ee oe se ee 166 


Sulphuric Acid (SOZ), . ae ee oe = 4 
Chlorine (equal to Sodium Chloride 2: 3), ae +o os 3:40 
Hardness natural, és oe os oe oo $1800 


‘e after hoiling 15 minutes, 4 as ee es 9°60 
Free and Albuminoid Sa Rs we aie be ee 0075 
Nitrates, ee ws ee oe oe os None. 


“« This water is of excellent Giuality; sufficiently soft for ali domestic pur- 
poses, and not containing more albuminoid ammonia than some of our 
best drinking water.” 
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The Amani Shah rises in the hills immediately to the north of Jeypore. 
For the first 5 miles the bed is dry except in floods; after this it seems to 
tap the water-bearing strata around, and becomes a perennial stream. 
In the hot season its volume is only about two cubic feet per second. 

At one time its bed was evidently much higher than it now is. This 
is shown by the plateaux here and there along the banks, which are now 
several feet above the present bed of the river, and also by the cuts 
showing where it was at one time possible to take off water. 

The great slope in the bed of the river, 16 feet per mile, has caused 
a velocity in the flood which this friable soil cannot stand, and this low- 
ering of the bed will no doubt go on until it gets to its normal slope, or 
finds a ledge of rock which will prevent it cutting back any more. I 
have in one day seen the bed of this stream lowered 12 feet by the 
breaking of a kutcha bund 2 or 3 miles up-stream. It has affected 
all the wells near; the level of the water in these has been reduced 10 
or 15 feet in the last 10 years. 

The problem was what to do with a nallah of this sort, to bund it up, 
or to tap it, or to raise water from it. 

A kutcha bund, about 50 feet high, was made in the bed of the nallah 
at the foot of the hills as an experiment. It is there now, and fills up 
sometime 30 feet or so, but dries up in a few weeks, It was, therefore, 
not considered advisable to attempt anything of this sort for the supply 
of the city. 

As regards tapping the stream, it was suggested that it might be pos- 
sible to run a tunnel from the bed of the stream direct to the city, and 
take the water off in that way. The objections to this were— 

(1). The oxpense and trouble of making a tunnel through the high 
ground between the nallah and the city. The height in many 
places being over 100 feet of loose sand, and the distance 
about 14 miles. 

(2). The water could only be brought to the lowest parts of the city 
and would not be under pressure, and if the river dried at all, 
or the level of the springs in it altered, the duct would be left 
high and dry, and the expense and project would be useless. 

Therefore the only scheme that seemed to promise success was to raise 
the water from the river, and if remained to decide where and how. 

lt might be interesting to mention that when the Rajputana State 
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Railway Engineers were preparing tho plans for taking the line across this 
nallah, a suggestion was made to them to make a huge earthen bund across 
the nallab, and to take the railway and carriage road also over on the 
top of it. It might have been very easily done by taking soil in wagons 
from the up-stream side on each bank, and tilting them over at the site 
of the bund, afid it could with energy have been done in one season. 

There would have been a sort of reservoir formed on the up-stream 
side, which would have been useful in raising the level of the springs in 
the neighbourhood, and it might have saved us perhaps having to raise the 
water so high for the city as we now havetodo. The cost would have been 
less than half what has been spent upon the expensive iron bridge which has 
been erected, and which is of no use except for the railway. The Railway 

Engineers, however, did not approve of this suggestion. I believe they 
feared the want of a proper waste-weir in such sandy soil, but I still 
maintain that these difficulties could have been provided for. 

It was then decided to raise water from the river at the site of the 
old broken masonry dam, because there was certainty here of a perennial 
supply, it was the nearest point in a direct line to the city, and the ma- 
terials and buildings which were at the site would be of use in any new 
works constructed here. 

An anicut (see Plate I.) was thrown across the bed of the nallah from 
the broken dam to the opposite side. This was a masonry wall 6 feet 
high, 8 feet thick, founded on rectangular wells of masonry 9’ x 5' sunk 
6 fect deep with intervals of 6 inches between them to prevent them 
jamming against each other while being sunk. 

It is furnished with a sluice to admit of clearing out the bed when 
necessary, and it has been raised 2 feet to increase the supply of water. 

On the down-stream side, broken material from the old dam and rubble 
were spread to form an apron of 1 in 12, reaching to within 2 feet of the 
top of the weir; where the water falls, it is further strengthened by a 
pavement of dry schistose slabs each about 12 feet long. These break 
the first fall of the water. They are all connected together by 3-inch 
iron chain which passes through them all, and is secured to the wing- 
walls at each end. 

The object of this weir is to prevent the bed of the river cutting any 
lower here, and to keep the pumps well supplied. It also serves to turn 
the water on to the filter beds until these are filled, when it acts as 
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the escape for any surplus water which is not required for the filter, 
It serves also to give a 9 feet head to an hydraulic ram which is fitted 
here, and is used to supply the ice machines day and night. 

The uncertainty of the working of wind-mills, as well as the size that 
would be necessary to produce the required power, made it advisable 
to arrange for steam power only. 

The pumping house is 60' x 38’, and is fitted with two pairs of 11 
H.P. horizontal expansive steam engines, 12 inch cylinders, 24 inch 
stroke, of bright finished iron-work. 

The pair first received were non-condensing, the other is condensing. 

The effect of condensing is shown by the gauge as 13 Ibs. per square 
inch, which represents on the piston an assisting foree of 113 inches 
area X 13 ==.1,469 Ibs. Each pair is furnished with two sets of 94 inch 
three throw plunge pumps, capable of throwing 36,000 gallons an hour, 
with gun-metal double beat valves, suction and delivery pipes, sluice 
valves, &c., connected to a wrought-iron air vessel 3 feet diameter 10 
feet high; wrought-iron crank shafts 5} inches diameter, with plummer 
blocks and gun-metal bearings and coupling boxes for disconnecting 
either engine. There is a fly wheel 12 feet diameter, weighing 5 Meee 
this was in three pieces for conveniences of transit. 

One pair only is usually worked, the other is always in reserve in 
case of any break down or extra supply being necessary. An air pump 
is fitted to the crank shaft, which can be used when necessary to keep 
the air vessel well supplied. 

An indicator is also fitted to the crank shaft, which shows the number 
of revolutions made, and assists in checking the water pumped and fuel 
which ought to be consumed. 

It would have been easy to have put up pumps capable of cbeowitiz 
a larger amount of water, but they would have increased the cost, and 
might have been unnecessary after all; the project is only intended to 
afford a supply of pure water for drinking or cooking purposes. There 
are plenty of wells in the city with water good enough to serve for 
other purposes, and by working all the pumps together or more often, 
the quantity now supplied, can still be increased, 

The engines were supplied in the first instance with two egg-ended 
high pressure boilers 16 foet long 44 feet diameter, but we have since a- 
dopted boilers of the Root’s type. 
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These are considered more safe and economical. There is safety frotu 
any serious explosion, as the water and steam is subdivided in small 
wrought-iron tubes tested to 500 lbs. per square inch. Each tubeis 5 inches 
diameter and 3-inch thick (equivalent in strength to 24 inch tubes 32-inch 
thick), They are lap-welded and not rivetted. Each tube is allowed to 
contract and expand freely, and is quite independent of the surrounding 
tubes, they are exposed to a more uniform heat throughout the entire 
length. Any part of the boiler can be lifted by three or four men, 
and this greatly facilitates carriage up country. 

The tubes are inclined so that should water be mingled with the 
steam it is thrown downward to the back of tho boiler, and by the con- 
necting caps is conveyed to the lower ticr of tubes. Should any tabe 
give way it can be easily withdrawn, and a spare tube put in its place. 

If the tubes get coated with soot they arc easily cleaned by means of 
a steam brush; a rubber hose with iron nozzle is inserted and a jet of 
steam acts as a powerful scrubber. 

In each flue there is a focd-water heater between the boiler and the 
chimney, which raises the temperature of the water considerably before 
it is admitted to the boiler. 

The fine, sectional area 20 square feet, is taken up the bank, to the 
chimney which is erected at the top; total height about 72 fect. 

The coals are stacked on the top of the old masonry dam, and are dis- 
charged through a shoot close to the boilers below. 

Next to the boiler house is the ice factory 53’ X 80’, in which are 
two of Siebe and West’s one-ton ether icc machines. We have made 
arrangements also which admit of these ice machines being worked by 
dhefting from the water engines when these are at work; which saves 
fuel. 

Steam can be supplied to work these, either from the Root’s boilers 
in the boiler house, when these are under steam, or it can be supplied 
by a small independent boiler at one end of the ice house, 

The slabs of ice are 5’ x 3’ in area and about 2 inches thick. They 
can be cut up to fit any size box by an ingenions contrivance made by Mr. 
John Baker, the Engineer in charge. Triangular shaped copper pipes are 
placed on a table with the apex uppermost at stated distances apart. 
The slab of ice is laid horizontally on these, and is pushed two or three 


times to and fro, while a jet of steam is sent through the copper tubes ; 
999 


WATER SUPPLY FOR THE CITY OF JRYPORRE. 9 


in about 10 seconds the slab is sufficiently cut at the required points 
to make division of it easy. 

While the pumps are working it is easy to keep a current of water 
playing over the refrigerator of the ice machine, but at timos in the mid- 
dle of the day in the hot weather, the temperature of the water pumped 
up from the river bed is 94°, and as ether boils at about this tempera- 
ture, it becomes necessary to draw water by a small donkey pump 
from the bottom of a covered-in well sunk in the bed of the river about 
20 feet. ) 

When the temperature admits, water is pumped up by a small hydrau- 
lic ram placed just below the anicut at the foot of the apron. 

The inlet pipe is at the top of the anicut 7 inches in diameter. 

The outlet from the ram is 2 inches, and it forces a jet of about 26 
gallons per minute into the ice house, a height of about 22 feet, day and 
night of its own accord, after being once set going. 

The filter is situated in the bed of the river south of the old masonry 
broken dam, which protects it from floods. It is fed by an open ma- 
sonry duct from the anicut, and as soon as 1 foot 9 inches in depth of 
water has passed into it, the level of the water is then flush with the top 
of the anicut, which serves as a waste-weir, and prevents the filter over- 
flowing. 

The area (see Plate IL.) is 160' x 80’, depth 5 feet 3 inches, is made 
up as follows :— 


ft. in. 
Water, Ss ae ee ee ee ee ee oe I 9 
Fino sand, oe oe ee ee oe oe o 2 O 
Coarse sand, bajri, ‘5 am os - O 6 
Broken stone § to 14 gauge, .- oe . oe - O 6 
Covering slabs to drain, - oe ee os 2 O 2 
Height of drain, se ee ae ee ee 0 4 





Total .. & 8 

There is a slight slope towards the centre from both ends, so that the 
water after passing through the filtering strata rans to the centre, and 
from there passes into a small covered tank, from which it is drawn by 
the pumps in the engine house. 

When the filter has been emptied, air will accumulate in the 4 inch 
hollow spaces on the floor, and to give this air means of escaping, small 
tubes are inserted at the higher ends, and rise above the high water mark. 

The area of the filter is made large cnough to allow of sufficient 
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water passing through at tho rate of 6 inches in an hour to keep the pumps 
well supplied. 

The supply can be shut off at any time, and a valve communicating 
with the bed of the river allows all the water from the filtered water 
tank to escape when it is desired to empty the filter completely. 

The drains or hollow spaces on the floor in our case have been covered 
with slabs, so as to make a sort of false floor, upon which the broken 
stones are placed. I:xpertence has proved that these slabs should fit as 
cluse together as dry bricks, and should be let into the wall all round, or 
sand may find its way in through the openings or down the faces of the 
side walls. 

Whenever it is required to clean the filter, all that is necessary is to 
allow it to stand quite empty for a day, and then remove the upper inch 
or so of mud from the surface. The sand can be renewed whenever it is 
necessary. 

At first it was intended to make covered tanks in the bed of the river, 
leaving a thick bank between them and the river, and to make this serve 
as a filter, but the plan which has been adopted was found to be the best 
and least expensive, and has the great advantage that the filter can at 
any time be cleaned. 

By a simple arrangement of valves below the pumps, it 1s possible to 
draw the supply all from the filter, or all direct from the river as may 
be desired. 

If the filter could have been put immediately below the service reser- 
voirs, the filtered water conld have been passed at once into the service 
mains, but this would have reduced the head more than was desirable. 

The service reservoirs (Plate No. IL. or Index Map Plate No. 1), 
two in number, are placed on the highest ground in the neighbourhood, 
distant from the pumps about 2,000 feet. 

The bottom is 103 feet above the pumps, and 86 feet above the pave- 
ment in the city squares. They are cach (see Sheet IJ.) 150 x 100 at the 
bottom, 15 feet deep, containing each 236,385 cubic feet = 147,740,625 
gallons, and can be filled in 48 hours by one pair of pumps. 

The water is brought by » 9 inch main from the pumps to the top 
and is admitted by a 3-way valve to either reservoir, and falling through 
the air into the tank has no doubt a beneficial effect upon the water 
breaking and aerating it to some extent. 
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The outlet to the city is by a 12 inch screw valve fitted with gauze 
wire strainers. 

When it is required to clean out these reservoirs, the main to the 
city is closed, and a small branch is opened through which the waste 
water and dirt is passed off. 

An upright tube, 1 inch diameter, is inserted at the highest point near 
the head of the main to allow the escape, when the pipes are being filled, 
of any air which may have accumulated in the main when it was empty. 

It is intended eventually to roof in these service reservoirs, as water 
should not be allowed to see the light after it has been filtered until it is 
drawn for use. A water level indicator with a double dial with floats 
( Plate No. 11.) has been placed on the division wall between the two reser- 
voirs, which enables the Kingineer from his quarters to see the depth of 
water in each reservoir; one reservoir is always in use while the other is 
being filled. 

A 12 inch main takes the water to the city, where it is distributed 
by pipes of smaller dimensions to the palace, several streets and the 
public gardens and hospital. <A pipe of smaller diameter would have 
been sufficient for ordinary requirements, but there are bathing tanks in 
the palace which have sometimes to be filled, and if a smaller main had 
been adopted, it might have interfered with the supply elsewhere when 
these tanks were being filled. 

To enable the mains in the city to be scoured ont, scouring valves are 
fixed at the lowest points on the line of pipe, or where there are means 
of passing off the discharge, and these are opened about once a week, and 
aro allowed to run for a few minutes. All pipes from 3 inches and upwards 
aro of cast-iron dipped in Dr. Angus Smith’s solution, and all below 3 
inches of wrought-iron galvanised. 

For distribution the following arrangements have been made. There 
is a stop valve for each street, so that at any time it can bo shut off. 
Stand posts have been erected at the corners of all the streets which in- 
tersect the main line of pipes, these are placed at such a distance apart 
from the main (generally about 20 fect) as to allow of a stop valve being 
placed on the branch, so that the water may be shut off at any time from 
the stand post. 

Self-closing ball stand posts were first tried, and for filling ghurrtha 


answer well, but are not suitable for drinking purposes, too much water 
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comes out, and it splashes the drinker. The same objection applies to the 
Kennedy Pillar, also self-closing. 

Another sort was also tried, the water from which issues when the 
brass stud is pressed down, and this answers for drinking as well as for 
filling vessels, but the objection is that the spring below the stud often 
requires repair. 

The stand post which appears to answer best is shown in Fig 1., Plate III. 

It is a4-way post, two taps #-inch are for filling vessels, and two small 
#-inch are for drinking purposes. The latter is furnished with a diaphragm 
with a small hole in the centre, which allows just enough water to escape 
foraman to drink. The costof this at Jeyporeis Rs. 85-0-0. The stohe 
step at the base is convenient, it allows one foot to be raised so that the 
water vessel while being filled can be rested on the knee. 

As natives generally drink with the right hand to the mouth, and the 
left to keep their clothes clear from the waste or any splashing from 
the water even, about which they are very particular, it is advisable to 
have some plan which, after the water has been turned on, leaves the 
hands free for these purposes, and #1g. 2 shows a simple arrangement 
which meets all requirements. 

The tap is a simple 4-inch screw, down bib cock, and the basin below 
catches all the waste. 

In England these bib cocks, from carelessness or mischief, would no 
doubt be continually allowed to flow and waste water, but I have never scen 
an instance of this sort in Jeypore yet. 

For bhistees 2 1 inch or 14 inch bib cock with screwed end enables a 
piece of leather or rubber hose, about 10 feet long, to be attached, this 
enables camel or bullock packals to be easily filled, and bhistees also to 
fill their mussacke without trouble. 

A cut stone pavement is placed round each stand post, and the waste 
water rung off into small drinking troughs for cattle. 

Where especial arrangements arc desired, as for stables or cattle sheds, 
a trough is made, and is supplied with an ordinary copper ball valve. As 
cattle drink it allows just that amount to be replenished, and when the 
trough is full is self-acting and shats off the supply; all wastage is thus 
prevented. 

The tanks in the city squares which were alluded to on page 216 as 
having been made in connection with the masonry dam project, after the 
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failure of the dam, became simple receptacles of rubbish; these have been 
cleaned out, and the depth lessened to 3} feet. 

In the centres ornamental fountains have been erected which play 
daily from 4 p.m. till dusk, and at one side Gao Mukkhi, or cow heads, 
in marble, have been erected for bathing purposes. The cow head is fixed 
high enough to allow the water to fall over a man’s body, and on turning 
the tap, issues from the mouth of the cow head, which natives consider 
a great advantage. In white marble these only cost Rs. 7 each. 

About 35 private houses have had water laid on. All these pipes and 
connections are of wrought-iron with brass valves. 

The Mayo hospital is provided with taps for tatties, shower baths and 
other purposes; and the operating room has a special arrangement of 
about 20 feet of india rubber hose, and a copper nozzle to regulate the 
discharge, and is found very convenient, as it enables a jet of water to be 
used during operations at any moment, and at any point in the room; this 
is a step in advance of the bhistee and mussack supply, so often seen in In- 
dian hospitals, and which every Surgeon must have found so inconvenient. 

In the Ram Newas Garden (see Index Map) a 6-inch main is taken 
throughout the length on the north side, and completes the circuit of that 
portion, which is an advantage, as in case it is necessary to shut off one 
inlet, water can be supplicd from the other. 

This main is furnished with hydrants and copper stand pipes, to which 
leather hoses can be attached with copper nozzles for distribution. The 
main is also connected to three or four of the must important wells, so 
that when more water is required than the wells can yield, which occurs in 
the hot scason now and then, it is possible to take water from the main. 
The water is discharged into the well trough, and follows the usual course 
of the well water, so that the existing channels can be utilized. 

In the plant house, where a jet of water is sometimes reyuired, flexible 
hoses and spreaders are provided, also an overhead perforatedgpipe, which 
allows a spray to descend like rain, anda hidden pipe through a rockery 
allows a continual dripping over the ferns and plants in the caves below it. 

A circular fountain jet also throws a horizontal spray as it revolves 
of itself, all round vver those plants which require a larger supply of 
moisture. 

No water rate is levied on the city, the water is the gift of the Mahe- 
rajah to his peoplo, but the dyers and confectioners who use this water 
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largely in their trades, and will not provide themselves with taps, are 
charged a water rate of 8 annas each per month, or are prohibited from 
using the stand posts in the streets. 

For private houses the following arrangement is made—all connec- 
tions outside (including a stop cock) are placed at the cost of the water 
works, all pipes and connections and fittings inside private limits are at 
the cost of the applicant. 

In case of any application for water an estimate is prepared, and when 
it has received the approval of the applicant for his share, and then of 
the Durbar, the work is carried out. 

The water rate is collected at the beginning of each month in advance, 
and if it is not paid the stop cock outside is closed and the water shut off. 

The following rates are charged :— 


Rs. ALP. 
For the first tap (of any size) ... -- 1 0 0 per month. 
Second and every other tap, wife se O.8 0 4, - 
For a drinking tap pro bono publico or for 
cattle, ... ve wie a wo 500 ,, _ 


This is the highest charge made, Rs. 5, and the payer can have as much 
water as he wants; excepting for gardeu purposes, for which it is not al- 
lowed. 

It is not used in watering the strects, as these can be watered cheaper 
by bhistecs from the existing brackish wells at the road side. 

The average cost of the water supplicd, is about 4 aunas per 1000 gal- 
lons, this does not allow of any reserve fund for interest or renewals, 
which in this case is not necessary. I believe at Calcutta the rate for 
1000 gallons is Its, 0-10-8; at Bombay Rs. 0-12-0. 

What adds so much to the cost is the heavy item of fuel. Wood is not 
to be had in any quantity, and coal which at Rancegunj costs Its. 4 per ton, 
costs nearlg Rs. 40 per ton by the time it is delivered at the water works. 

Some natives had scruples at first against taking the water, and others 
said that giving them water from a dog’s mouth (it really is intended for 
a lions’s head stand-post) was an attempt to make Christians of them, 
but as no compulsion was used, and every one was left to do as.he liked, 
common sense prevailed, and these objections are gradually giving way. 

The average daily consumption for the past year has been about 
253,000 gallons. This however inclades 865,667 cubic feet which were 
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supplied to the Ram Newas during tho year, and the water used in filling 
the bathing tanks in the city. 

That natives appreciate good water is evident from the prices they will 
pay for it: in Agra water.drawn from the river and sold by hand in the 
city fetches as much as I believe Rs. 3-7-0 per 1,000 gallons. While in 
Jeypore the water which is drawn from wells and taken by some persons, 
in preference to water from the stand-posts in the streets, costs about 
Rs. 2 per 1,000 gallons. 

In order to remove any scruples which might exist, the Maharajah in- 
vited a Committee of Pundits to inspect the machinery and satisfy 
themselves that there was nothing contrary to their ideas of purity. 

They examined everything, and as the leading member of the com- 
mittve had water Jaid on the next day to his temple, it is evident there 
could be no valid objection. 

The actual work in connection with distribution only, which has been 
executed up to date, is shewn on Table A, and the expenditure in- 
earred on the whole scheme can be seen from the Abstract Estimate 
herewith attached, Rs. 4,75,113. 

The cost of maintenance for the past year is Rs. 26,253, and is made 
up as follows :— 

RS. 


Fstublishment, oe oe ee oe we 6.908 
Fuel, ae ee ee o6¢ ee Cm) 18,929 
SUNUrIGS, «» ve oe aa oe ae 416 


Total lis., ee 26,253 
The Establishment consists of— 
1 European Engineer. 
] . Assistant Engincer, 
2 Native Drivers. 
80 Firemen, Cleaners, Oil-men, &c.; this is sufficient for three 
relays working 8 hours each. . 

The-European Engineer has also to look after the icc factory during 
the hot season. 

During the past ycar the engines worked on an average 9 hours and 
12 minutes daily, raising 310,512 gallons daily. 

All the machinery, pipes, &c., connected with this project have been 
got direct from Messrs. J. C. and W. Lord, 142, Great Charles Street, 
Birmingham, who have given us entire satisfaction. 
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Tanue A. 


Detail of works performed in connection with City Water Supply, Jeypore, 


Rajputana, shewing distribution of pipes, Fc. 
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10 


81 

90 

24 
118 

2 
12,541 
6,837 


Drinking Posts. 
Tydrants. 
Bhistees drawing taps with leather hoses. 
Fountains with jets of sorts, 
Bib cocks. 
Stop valves from 12’ to 3”, 
9 » Of sizes. 
Shower baths, Mayo Ilospital and the Palace. 


R. ft. 12” Pipes. 


» 9 4 

» 68 4, 

» %8 4 

» 2b" oy, 

» UP y 

» Uy» 

» % » 

» £ » 

» $ » 

» * pn 

» 1” India rubber hose. 
93 R° ” 7? be | 


= 
~~ 
od 


Pipes drilled with holes for supply to khus tatties. 
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Rate of Pipes received from Messrs. J. C. and W. Lord of Birmingham, 
including all charges, delivered at Jeypore. 





Description of pipe. 





ee ee 





Rate per 
Tunning foot, 
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12” Cast-iron pipe, .. a Pe es ae 7 {12110 
a 43 33 35 ee ee ee ae ee 5 K 7 
6” ” ” 9 ee ee oe ee os = 5 l 10 
B” ” ” ” ee es oe i us 0 13: 8 
24” ” rey ” oe ee ee a) oe 0 }2 | 6 
2” Wrought-iron,, .. Ss _ - at 0 110/11 
ae bd 3 bE oe e ee ee ee oe oe ee 

i Bag *y a9 33 »e ee ee ee eer 0 s y 
bo 99 rT) ” ee ee ee se ee 0) 4 1 
LO ay ” rr) oe e- ee ae ee 0 4 ? 
2. 93 3” 93 os ee es oe oe 0 o | ] 

9 ry) 99 ” oe ee ae ae -* 0 2 5 
ae aa ar. ee we as as - 0 1' 6 
ae ” bb ” es ee ae es oe 0 } ytd 

OSE RAE TAA SAE TEEPE NTE ETE ELE 
Asstract oF Exrenp) TURE. 
Detail of HE rpenditure. 
No. Particulars. | Amount. 
| 
| ae 
A | Weirinriver, .. 7 Bis a i ray 

B | Pumps, ‘ie es oe ee is T3575 
>| Engine house, &c., os oe ze ee 16,557 
D | Borlers, ee ae as sé ee J4,)} 38 
E. | Boiler house, es oe os oe es ,7T9 
F | Service reservoirs, ee oe os “ 43,205 
(x Pipes, ee ee ee se oe 2,64 47 
st | Miscellaneous, .. ae os oe ee 14,413 
J i Gas works, ‘ee oe o a Sis GOL 
K Workshop and godown, oe ee ee ee B29 
L, | Establishment, .. es ee ee oe Bord 
Totai Rupees, ae | 470,115 
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Shape Rrvctangular—160' xX 80 


Scale. 1 inch = 4 feet. 


¥ 


2 ee 
- 


ee ee i 
. 7 
TOTS te ea: 
é 
aan te 2 











Rat A Mee erg ees evn reerigrs strep 
. ‘er os te tote : b : 
fee BSNS Ok, Ee ae re 


a we, PX ae 


F >, ; . S woe se > Way 
Sone etan ee. Ree reat rg bees 


wee ene em 


ag 
ar Oye Ff eee = 


~ DOPAC E OLD Re Pd POL = 2 
Be pA , sok hata aa ee 6 

4 i ee ro oo we af : 2 
Wea LE LEELPE Ci 
ate J yt i we a Pi, * Rae ee 
pate tpt LLL as EEL CAL GEEE Mf 


x”. mais a Fa 
a ae PD re. 







vr 


a fe 


eo 
s 


: ; ag 
ty Z i wud ve ie 
Lo gE fon, 


PLATE 1. 


PLATE IT. 


JEYPORE CITY WATER SUPPLY. 
Scale. 1 inch = 2 feet. 
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No. CCCVIII. 
CHEAP WELL FOUNDATIONS. 


By B. W. Broon, Esq., Af, Inst. C.B., Exec. Engineer, Rajputana 
Stute Railway, 


Tuk experience described below is believed to be a novel mode of getting 
down modcrately deep fuandations when the soil is not too wet tu allow 
a well to be kept dry. 

On the Sambur Nawah Extension of the Rajputana State Railway, 
the line near Nawah is carried across a bay of the Salt Lake, into which 
rons, during the rains, a river which drains about 100 square miles of 
country. The river is one of the largest feeders of the Sambur Lake, 
and, as may be supposed, at times discharges a very considerable volume 
of water, which will be passed by a bridge, 40 spans of 20 feet. 

The bed of the lake at the site of the bridge is composed of about 
three feet of a stiff mixture of clay and sand, below which, for about 
13 feet, is a kind of quicksand with thin beds of kankar at intervals, 
till at about 15 to 17 fect a thick band of soft scaly half formed sand- 
stone is reached. The foundations were to be oval cylinders, 13 and 11 
feet najor and minor diameters, splayed cut at the bottom, and in order to 
found them upon this hard bed, well steining or tubeing of some kind 
would be required for the excavated wells to Keep out the water and 
slush. On account of the expense of a regular well stemming and curbs, 
and the delay they would cause, it was decided to adopt a stemming of 
sirpat grass sunk ag is dune, in their kutcha wells, by the natives of tho 
North-Western Provinces. This steining was wade of the long jungle 
grass, which grows plentifully in that part of the country, formed into a 
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hard roll 8 to 9 inches in thickness, which was led into the wells, and 
packed coil under coil as the work went down. The internal form of the 
wells was maintained with great care, and the diamctcr was increased by 
splaying out the last few feet to give a larger base. In this manner the 
wells were carried down to the required depth, one foot into the hard 
material, when they were filled in with 12 feet of a concrete, composed 
of an eminently hydraulic kankar lime, kankar, bajri and sharp broken 
stone. This concrete sets into a mass of rock, and gives in every way as 
good a foundation as if a masonry or brick well had been sunk to the 
same depth. 

The masonry of the piers begins on this concrete, 7.¢., at about five 
feet below the present lake bed, and it is expected that the concrete will 
not be exposed by any scour which may occur. 


B. W. B. 
Jeypore, Tih May, 1879. 
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ALLUVION AND DILUVION ON THE PANJAB RIVERS. 
[ Vide Plates I. and IL.) 


By E. A. Sriso.p, Esq., Lrecutive Engineer. 


In this paper it is proposed to deduce from a few observations the law 
or laws on which diluvion and alluvion take place in a river flowing 
through a sandy plain unhindered by rock or any other forcign obstacle. 
The observations chiefly apply to the Panjab rivers, and more particularly 
to a ten mile reach of the Chenab in the neighbourhood of Multan. 
An attempt will be made to show how the movements and changes 
in the spirals represented by the deep stream ACB, (/’7g. 1,) can be made 
susceptible of investigation. The theory is that such spirals progress 
down-stream, and that their action or progression is the sole index of all 
river changes. 1t is alleged that in the course of time the diluvion of b, 
(Fig. 2,) becomes the alluvion of B; diluvion of c the alluvion of C; 
and so on. The spiral is, however, only the local sign or effect of an 
oscillation or disturbance extending from the mountains to the sea. 
This oscillation or work of re-adjustment of declivities in a stream is 
unceasing. The progression of a particular spiral is only a particular 
effect of this unceasing action, and it has a varying course from initiation 
to exhaustion. The important point is the local action on local works, 
f.c., the progression of this spiral, and the results when it is meddled 
with. 

To avoid obscurity in the .illustration, the deep stream has purposely 
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been made very prominent in Fig. 1. A few of the minor and spill 
channels are shown in dotted lines. Facts will be given further on to 
show that it is reasonable to suppose that the minor channels simply 
perfect the work of building up the alluvion. The two deep streams 
shown as existing opposite Faridabad in 1855-56, would not give a case 
of altered conditions; they would simply make it more difficult to follow 
the working of the spirals. 

Before going into details, it is necessary to define some of the terms 
used. 

Cutting edge, or the line on which diluvion or erosion is taking place. 
This is-the length of bank on concave side vf deep stream which is being 
eaten away. The term does not refer to accidental scour from a local 
opstruction such as a snag. 

Bank:.—This is the bank bounding the deep stream, whether recently 
thrown up or permanent. 

The Spiral.—If ACB (Fig. 1) is the spiral whose action is to be 
investigated, the first cutting edge is at A on right bank; the next at C 
on Jeft bank; the third at B on right bank again. None of these cut- 
ting edges will have the same energy. It is necessary to ascertain whe- 
ther energy of cutting edge © is due to impulse from A; that of B to 
that of C. If B show signs of exhaustion, and C of greater energy, then 
cutting edge at B was due to a previous impulse, and a new cutting edge, 
more or less developed, will be found on reach BC dependant on C. The 
energies of the cutting edges are interdependant, but great care is required 
tu detect the marshalling of the scries where old spirals are disappearing 
and new ones appearing. 

Point or Line of Quiescence.—This is the point of contrary flexure on 
the spiral, The cross-section of the stream should here approximate to 
the regular trapezoidal section of a canal. Itmarks the up-stream limit 
of safety when selecting the site for the head of an inundation canal. 
It is the point or reach of river where the regimen of the stream is estab- 
lished for the time being. 

The next point is to describe the cause of the progression of the spir- 
al. Diluvion only takes place in an elbow or concave bank of the 
stream, (see cutting edges in Fig. 3,) and this elbow is really a barrier or 
spur in the river. Now this barrier causes the water to rise above its 
normal level, and a rapid or cataract (perceptible on levelling) is required 
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immediately below to connect the two water levels. The draw thus ob- 
tained should make the diluvion or erosion most severe in the imme- 
diate vicinity just above, and the cutting edge therefore progresses down- 
stream. 

To connect the theory with the observations in detail, it will be neces- 
sary to consider the following. 

The transfer of the sand banks from side to side is the immediate cause 
of the evolution of the spirals. According to £%g. 2 whatever is cnt away 
at & proceeds to B; from ecto C, &c. A complete act of diluvion at b 
results in a complete act of alluvion at B, 4nd in a complete reversal of 
the spiral the sand banks on one side are transported to the opposite side. 
In other words, the atoms of sand swept off the cntting edge must follow 
the tangent to the curve of this cutting edge, and procced to the nearest 
alluvion down-stream on the other side.* The Jayers of silt or clay of 
varying thicknesses usually found in deposits may be derived from a thou- 
sand sources, but the sand, the bulk of the deposit, describes a spiral path, 
and then has a period of rest. If the bulk of the deposit was derived 
from a thousand sources, unceasing change would not be the marked fea- 
ture of these rivers; the tortuous course would be induced once for all, 
and changes would be perceptible in ages only: notin years. This dis- 
tinction between deposits merely pushed onwards and sediment held in 
suspension, is probably the most important fact in river hydraulics. De- 
posits of sediment tend to raise the general level of a channel, for instance 
the river Po; the spiral action tends to lower the level. The former 
action applies to all rivers, the lattcr only applies to those whose regimen 
is not established. 

The writer has observed a shoal treading on the heels as it were of a 
cutting edge, at the three following places :— 

1, Langar Serai, (Fig. 2, C and f, and Fig. 3.) 

2. Faridabad, (ig. 2, A and d,) the consecutive cutting edge on 
right bank up-stream of No. 1. 

8. Kharakwala on the Indus, (J’%. 4.) 

The changes in position of cutting edge and shoal at Langar Serai 
between February 1878 and March 1879 are given in Fg. 3. In that 
interval the cutting edge advanced about three miles ; the shoal advanced 


® Tho progression of the shoal in rear of the cutting edge can only be accounted for in this 
manher, 
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somewhat, but not to the same extent. The shoal now shows signs of 
tapering off, and the kink in the elbow orcutting edge is flatter. In the 
absence of actual measurements of AB, BC, and CD, (Fig. 5,) all that 
can be said is that the state of matters at Langar Serai in March 1879 
was approximately the state of matters at Faridabad in February 1878. 
In March 1879 the work of diluvion and alluvion at Faridabad appeared 
almost perfected, t.¢., the energy of this particular spiral action was 
nearly exhausted, It is assumed that the energy at B and e is an inter- 
mediate between the energy of the spiral action as shown at Langar 
Serai and Faridabad, because the evident interdependance of the diluvion 
and alluvion at Faridabad and Langar Serai reynires a corresponding 
condition of things at B and e, and so on through the whole series. This 
single partial serial observation is only presumptive proof, and each man 
will have his own idea of its conclusiveness. Again at Kharakwala on 
the Indus, the shoal and cutting edge present the same characteristics as 
at Langar Serai, and here too the shoaling of the up-stream spurs and 
the necessity of adding on new spurs below prove the simultancous pro- 
gression of shoal and cutting edge down-stream. This case also fulfils 
some of the most important conditions required by the theory. The 
exigencies of work only incidentally led to a fuller knowledge of the 
working of the rivers at these points, and then to the belief that the best 
way to understand a river was simply to observe the progression of a 
consecutive series of cutting edges. This will account for the gaps in 
the above illustrations. 

The next noteworthy point is that the flattening of the elbow and the 
tapering of the shoal tend to give a straight reach to the river in its 
quiescent stage, t.¢., when the velocity (the dependant variable of the 
fall or slope) is proportioned to the regimen. In the case of the Sidnai 
reach of the Ravi river, the usual stability of a few years only has be- 
come the stability of centuries. The Sidnai is a straight reach of the 
Ravi, 9 miles long, and it has not altered its present channel for at least 
three centurfes, judging from the banyan trees overhanging the channel. 
The Sidnai must like river channels, on which the spiral action is absent, 
be gradually rising from deposit of sediment, but the conditions for spiral 
action, or the pushing forward of sandy barriers arc wanting. The ad- 
vance of the spiral is the same thing as retrogression of level in a canal, 
and the effect of sedimentary deposit is the same thing as deposits of silt 
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at the heads of most rajbahas (at least on the Bari Doab Canal), or ihe 
gradual rise of the bed of a river like the Po. 

It is said that cases can be quoted of the cutting edge or diluvion pro- 
ceeding up as well as down-stream. It has been stated that the diluvion 
is the result of the draw below the elbow or concavity of the spiral. If 
the discharge is increased, the influence of the draw will extend further 
up-stream, and an apparent retrogression of the diluvion will take place. 
If areally new diluvion is developed up-stream, it is simply a case of one 
oscillation overtaking another. 

Mr. Garbett, Superintending Enginecr, Derajat Circle, drew attention 
to the following apparent paradox some years ago. 

The discharge of the Indus river in December 1874 was found to be 
26,000 cubic feet per second, and in December 1875 only 23,000 cubic 
fect, though the gauge gave a 1-8 foot higher reading. In January 1875 
it was 25,900 cubic feet, anc only 21,000 in January 1876, with the 
gauge reading 2°35 feet ligher. The ponding up caused by the de- 
velopement of a cutting edge below gauge after December 1874, would 
explain satisfactorily the reason of a gauge reading being no criterion of 
discharge on the Indus. 

In J/g. 1 the minor channels are shown in dotted lines. In F%g. 3 
a network of them are shown at right angles to the cutting edge. In 
the case of this particular network of channels, some were perennial in 
February 1878, but all were mere spill chanucls in February 1879. 
The alluvion flush with flood level had also increased considerably ; 
in the depression this network of channels meanders through. This is 
what is meant by the statement in the first paragraph,—theso minor 
channels perfect the work of builaing up the alluvion, It was expected 
(owing to imperfect knowledge at the time) that the great floods of 
1878, the greatest for at least 20 years, would have been swept down 
the direct line presented by these channels, and so have altered the 
whole course of the river for 10 or 12 miles. These floods did nat adter 
the action of the spiral. At Kharakwala also there was no alteration in 
direction. 

To prevent misunderstanding, it is as well for the writer to state sonic- 
thing about his ideas of protective works. The spiral action is not ir- 
resistible, and if a more powerful barrier bars its progress, the spiral 
action simply exhausts itself against this barrier, and an imperfect oscilla- 
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tion is the result. The well secured abutments of any of the State Rail- 
way Bridges in the Panjab are instances of immoveable barriers. A most 
misleading experience is often gained in the case of the so-called training 
river works. The “ Brownlow’’ weed spurs which answer on minor 
channels, would be useless on or near a cutting edge. One man has the 
good fortune to put in his training works when a spiral action is on the 
wane; another the misfortune to start his works when it is in embryo. 
The works of the former prohably stand; the works of the latter pro- 
bably fail, the result being that the two men will have exactly opposite 
opinions of the efficacy of spurs, &c. 

The progression of the spiral is not a necessary condition on all rivers, 
because this progression requires a sandy bed and steep declivities. The 
specific gravity of the sand must be so great that it cannot be held in 
suspension like fine clay, but must be pushed onwards. The two ex- 
tremes are mountain streams, where the continuity of the deep stream 
action is broken by rapids and cascades, and rivers with small slopes like 
the Amazon. The following few notes on the Panjab rivers indicate cir- 
cumstances under which spiral action may be expected. 

It is a very old axiom that tortuosity is due to excess of slope. The 
three important factors in river hydranlics are, hydraulic mean depth, 
volume of discharge, and slope. The question of choice of formule and 
coefficients is a very important detail, but has nothing to do with principles. 
Exact figures of the hydraulic mean depths of these rivers might be ob- 
tained from the Department Public Works records. It is sufficient for the 
purpose of this Paper to say that the differences between the maximum and 
minimum levels of the water surface are much the same in all the rivers. 
It varies in different years from 10 to 13 fect. The depths when the 
rivers are at their lowest are also insignificant. Where no violent dilu- 
vion was taking place, it would be difficult to obtain a greater sounding 
than 6 or 7 feet on the Sutlej; of 8 or 9 feet on the Chenab; and of 15 
feet on the Indus. The cold weather discharge of the Indus varies from 
20,000 to 86,000 cubic feet per second; its ordinary flood discharge is 
580,000 cnbic feet. Tho discharge of the great flood of 1858 was 
1,514,500 enbie feet per second, approximately. The cold weather dis- 
charge of the Sutlej varies from 6,000 to 10,000 feet, and its flood dis- 
charge ie abont 200,000, The Chenab and Jhelum are about the same 
size as the Sutlej, and the Ravi is much smaller. 
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The following are the declivities, the rivers being placed according to 
size :— 


Indus, ia aa és e+ 1°33 feet per mile. 
Chenab, .. ee oE «- 0-97 — ditto. 

Sutlej, os sft at -- 2°00 (approximately). 
Jhelum, .. ee < e 151 (ditto.) 
Ravi, a we oe eo 2°00 (ditto.) 


Ifthe District maps (2 miles = 1 inch) are examined, and 40 mile reaches 
of these rivers are compared, it will be found that degree of tortuosity 
bears a relation to the above noted declivities. 

The spirals of the Sutlej and Ravi will be found very similar, and their 
courses most tortuous. The Chenab will be found to have the flattest 
spiral, On account of its much larger volume, the Indus should be at 
least as tortuous as the Sutlej or Ravi. That this is not the case, and 
that like on other rivers the comparison of tortuosity to declivity bolds 
good, is due to its shallowness and the division of its volume among two 
or more cold weather channels. In December and January last the 
gauge at Dera Ghazi Khan did not vary a tenth of a foot, and for about 
15 miles above and 5 miles below, or on a reach 20 miles long, the river 
was, if any thing, shallower than at the point of observation, and here 
the hydraulic mean depth was 4:33 feet, with a discharge of 34,181 cubic 
fect in two channels. The Indus always flows more or less in two or 
more channels. It is deduced from this that its insignificant hydraulic 
mean depth and the loss of energy resulting from splitting up into 
several channels puts the Indus on a par with the Chenab, Sutlej, &c. 
There are of course local cases of a great hydraulic mean depth. At 
Kharakwala (Fig. 4) nearly the whole of the Indus (at Jeast 32,000 
cubic feet per second) was contained opposite spur No. 7, in a channel 
$75 fect wide with soundings up to 50 fect. This great contraction ex- 
tended, however, scarcely 1,000 feet, and the stream broadened out 
rapidly above and below. Compared with the discharges the hydraulic 
mean depths of these rivers are remarkably insignificant. Jn all rivers 
where such is the case, it will be found that coarse sand predominates, and 
the declivities are great, and spiral action is the most prominent feature. 
The particles of fine clay that require absolutely stagnant water for depo- 
sition, and the variations of discharge modify the clock work regularity 
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of the spiral action. The Hydraulic Engineer Surveyor should, how- 
ever, scek to fix on his map the position of the cutting edges, the lines 
of quiescence, and the curves of the deep stream. 

The practical application of the theory to inundation canals, bridge 
and other river works, must be reserved for another paper. 

In conclusion it may be noted that this Paper has been re-written at 
the request of the Editor. His criticisms,* as also those of Mr. 8. Hanna, 
Executive Engineer, are now incorporated in this exposition of the 
theory. 


Mctran: K. A. S. 


\ a 


Lith June, 1879. J 


* NoteE.—Fditor is in no way answerable for views of any contributor, but wel- 
comes this endeavour to find a rule on which river training works may be based, as he 
believes much money inay be wasted in spasmodic efforts to influence a large river 
ata particular locality unless the general and almost irresistible action of the river is 
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2 NOTES ON ELEPHANTS AND THEIR TRANSPORT BY RAILWA’. 


In this Note, an attempt has been made to gather into one compass ali 
that has been published about the Indian elephant. 


I have not entered upon— 
the method of capturing them, well told by Sir Emerson Tennent. in his work on 
Ceylon, and by Mr, Sanderson in bis “ Thirteen ycars with the Wild Beasts of India,’ 


as the subject is foreign to the purpose of this paper. 

Nor have I gone far— 
into the treatment of the diseases of the elephant, 
as the subject seems to be chaotic and empirical. 

Since Assistant Surgeon W. Gilchrist wrote his treatise on the diseases 
of the elephant in 1841 to 1846, no scientific attention seems to have 
been paid to the subject. Major Hawkes, in his “ Diseases of the Ele- 
phant and Camel,” simply condenses and reprints in 1872 the original 
treatise of 1841. 

There seems to be room for great improvement in this branch of know- 
ledge. 

If even the nomenclature were improved, something would be done 
towards farther research. In some instances the plants, named as reme-, 
dies, cannot be recognised, so arbitrary and whimsical is the spelling. 

As far as possible, I have corrected the spelling of all the terms used. 

A cursory glance will show that the most contradictory opinions are 
held about matters which should be beyond doubt. From an economic 
point of view, ignorance regarding such a costly animal is very costly, as 
from it arise— 

(a) invaliding of the animals for long periods of time ; 
(8) high mortality. 

If a committee were appointed to consider and to publish a report upon 
the elephant, in every aspect, much good would accrue. 

In this Note, weight should be specially given to statements made by — 


Sir Emerson Tennent in 1860; 
Mr. Sanderson in 1878. 
From the— 
’ Ain-i-Akbari. 

This wonderful animal is in bulk and strength like a mountain, and in courage and 
ferocity like a lion.*® He adds materially to the pomp of a king and to the success 
of a conqueror, and is of the greatest use to the army. Experienced men of Hindis- 
tin put the value of a good elephant equal to five hundred horse ; and believe that, 
when guided by a few bold men armed with matchlocks, such an elephant alone is 


* The elephant being casentially a native’s animal, the information given by Shaikh Abu-l-Fazl 
in especially interesting. See page 270 of this Note. 
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worth double that number. In vehemence on one hand, and submissiveness to the 
reins on the other, the elephant is like an Arab; whilst in point of obedience and 
attentiveness to even the slightest signs, be resembles an intelliyent human being. In 
restiveness when full-blooded, and in vindictiveness, he surpasses man. An elcphant 
never hurts the female, though she be tho cause of his captivity ; never fights with 
young elephants, nor thinks it proper to punish them. From a sense of gratitude, he 
never does his keepers harm, nor throws dust over his body, when be is mounted, 
though he often does so at other times. Once an elephant, during the rutting season, 
was fighting with another. When he was ia the height of excitement a small ele- 
phant came in his way ; he kindly lifted the small one with his trunk, set him aside, 
and then renewed the combat. If a male elephant breaks loose during the rutting 
season, in order to have his own way, few people have the courage to approach him ; 
and some bold and experienced man will have to get on a female elephant, and try to 
get near him and tic a rope round his foot. Female elephants, when mourning the 
loss of a young one, will often abstain from food and drink ; and sometimes even die 
from grief, 

The elephant can be taught various feats. Ife learns to remember such melodies 
as can only be remembered by people acquainted with music ; moves his limbs to keep 
time ; exhibits his skill in various wavs ; shoots off an arrow from a bow, discharges 
a matchlock, and learns to pick up things that have been dropped, and to hand them 
over to the keeper. He sometimes gets grain wrapped in hay to eat ; this he hides 
in the side of his mouth, and gives back to the keeper, when he is alone with him. 

The teats and womb of a female elephant resemble those of woman; the tongne 
is round like that of a parrot; the testicles are not visible. Elephants frequently 
with their trunks take water out of their stomachs, and sprinkle themselves with it. 
Such water has no offensive smell. They also take out of their stomach grass on the 
second day, without its having undergone any change. 

The price of an elephant varies from a hundred thousand to a hundred rupecs* ; 
elephants worth five thousand and ten thousand rupees are fairly common. 

There are four kinds of clephants— 

1, Bhaddar. It is well proportioned, has an erect head, a broad chest, large ears, 
a long tail, and is bold, and can bear fatigue. They take out of his forehead an ex- 
crescence resembling a large pearl, which they call in Hindi Gaj manik.f Many pro- 
perties are ascribed to it. 

2 Mand. It is black, has yellow eyes, a uniformly sized belly, a Jong penis, and 
is wild and ungovernable. 

3. Mirg. Ut has a whitish skin, with black spots ; the colour of its eyes is a mix- 
ture of red, yellow, black, and white. 

4. Mir. It has asmall head ; obeys readily ;‘and gets frightened when it thunders. 

From a mixture of these four kinds are formed others of different names and pro- 
perties, The colour of the skin of elephants is threefold: white, black, grey. 
Again, according to the threefold division of the dispositions assigned by the Hindts 
to the mind, namely, sat bencvolence, a7 love of sensual enjoyment, and tam irasci- 


® During the reigns of Akbar's suocessor, the price of a well-trained war elephant rose mucb 
higher. Vide Tuzuk-i-Jah4n-giri, p.198. At the time of Shahjahan, the firat white elephant was 
brought from Pégu, Padishahnama, J, p. 267. See page 27% of this Note. 
4 This excrescence is alen called Gajmot, or elephants’ pearl. Forbes has, also. Gaymani’, and the 
ati, gay wati. 
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bility, elephants are divided into three classes. First, such in which sat predom- 
inates. They are well proportioned, good looking, eat moderately, are very submis- 
sive, do not care for intercourse with the female, and live toa very old age. Serandly, 
such in whose disposition raj prevails. They are savage looking, and proud, bold, 
ungovernable, and voracious. Last/y, such as are full of tam, They are self-willed, 
destructive, and given to sleep and voracity. 

The time of gestation of the female is generally eighteen* Junar months. For 
three months the fluida germinalia intermix in the womb of the female; when 
agitated, the mass looks like quicksilver. Towards the fifth month, the fluida settle, 
and get gelatinous. In the seventh month, they get more solid, and draw to perfection 
towards the ninth month. In the eleventh, the outline of a body is visible ; in the 
twelfth the veins, bones, hoofs, and hairs, make their appearance ; in the thirteenth, 
the genitalia become distinguishable ; and in the fifteenth, the process of quickening 
commences. If the female, during gestation, gets stronger, the foetus is sure to be a 
male ; but, if weaker, a female. During the sixteenth month, the formation becomes 
still more perfect, and the life of the foetus becomes quite distinct ; in the seven- 
teenth, there is every chance of a premature birth, on account of the efforts made 
by the foetus to move, and in the eighteenth month the young one is born, 

According to others, the sperm gets solid in the first month ; the eves, ears, the 
nose, mouth, and tongue, are formed in the second ; the limbs make their appearance 
in the third; the foetus grows and gets strong in the fourth; it commences to 
quicken in the fifth ; in the sixth, it gets sense, which appcars more marked during 
the seventh ; there is some chance of a miscarriage in the eight; the foetus grows 
during the ninth, tenth, and eleventh months, and is born during the twelfth, It 
will he a male, if the greater part of the sperm came from the male; and n female, 
if the reverse be the case. If the sperm of both the male and female be equal in quan- 
tity, the young one will be a hermaphrodite. The male foetus lies towards the right 
side; the female towards the left ; the hermaphrodite in the middle.t 

Female elephants have often for twelve days a red discharge, after which gestation 
commences. During that period, they look startled ; sprinkle themselves with water 
aud earth ; keep ears and tail upwards; go rarely away from the male; rub them- 
selves against him ; bend their heads below his tusks, and cannot bear to see another 
female near him. Sometimes, however, a female shows aversion to intercourse with 
the male, and must be forced to copulate, when othcr female elephants, at hearing 
her noise, will come to her rescue. 

In former times, people did not breed elephants, and thonght it unlucky ; by the 
command of His Majesty, they now breed a very superior class of elephants, which 
has removed the old prejudice in the minds of men. <A female elephant has gener- 


* The time is differently given. The Emperor Jabdncir says in his Memoirs (p. 180):—During 
this month, a female clephant in my stables gave birth before my own eyes. JT had often expressed 
the wish to have the time of gestation of the female elephant correctly determined It is now 
certain that a female birth takes place after sixteen, and a male birth after nineteen, montha (the 
Bmperor means evidently solar months) ; and the process is differont from what it is with man, the 
footus being born with the feet foremost. After giving birth, the female at ones covers the young 
one with earth and dust, and continually caresses it, whilst the young one sinks duwn every mo- 
ment trying to reach the teats of the mother.” Vede Lt. Johnstone’s remarks on the same subject 
in the Proceedings of the Asiatic Society of Bengalfor May 18958. 

+ The hermaphrodite, rare in mankind, is nut so among animals. See Evolution of Man, by Erust 
Haeckell, 1879, 
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ally one young one, but sometimes two. For five years, the young ones content 
themselves with the milk of the mother; after that period they begin to eat herbs. 
In this state they are called Jal; when ten years old, pat ; when twenty years old, 
bikka ; when thirty years old, kalhah. In fact, the animal changes appearance 
every year, and then gets anew name. When sixty years old, the elephant is full 
grown.* The skull then looks like two halves of a ball, whilst the ears look like 
winnowing fans.t White eycs mixed with yellow, black, and red, are looked upon 
as a sign of excellence. The forehead must be flat without swellings or wrinkles. 
The trunk is the nose of the animal, and is so long as to touch the ground. With 
it he takes up food and puts it into the mouth ; sucks up water and throws it into 
the stomach. He has eighteen teeth ; sixteen of them are inside the mouth, eight 
above and eight below, and two are the tusks outside. The latter are one and more 
yards long, round, shining, very strong, white or sometimes reddish, and straight, 
the end slightly bent upwards. Some elephants have four tusks, With a view to 
usefulness, as also to ornament, they cut off the top of the tusks, which grow again. 
With some elephants they have to cut the tusks annually ; with others after two or 
three years ; but they do uot like to cut them when an elephant is ninety years old, 
An elephant is perfect when it is eight das? high, nine dast long, and ten dast ronnd 
the belly and along the back. Again, nine limbs ought to tonch the ground, namely, 
the fore-feet, the hind-feet, tbe trunk, the tusks, the penis, and the tail. White spots 
on the forchead are considered lucky ; whilst a thick neck is Jooked upon as a sign 
of beauty. Fong hairs on and about the ears point to good origin. 

Some clephants rut in winter, some in summer, and some in the rains. They are 
then very fierce ; they pull down houses, throw down stone walls, and will lift up 
with their trunks a horse and his rider. But elephants differ very much in fierceness 
and boldness, 

When they are in beat, a blackish discharge exudes from the soft parts between 
the ears and the temples, which has a most offensive smell; it is sometimes whitish, 
mixed with red. They say that elephants have twelve heles in those soft parts, 
which likewise discharge the offensive fluid. The discharge is abundant. in lively 
animals, but trickles drop by drop in the sluggish. As soon as the discharge stops, 
the elephant gets fierce and looks grand ; in this state he gets the name of Tuafti or 
Sarhari. When the above discharge exudes froma place a little higher than the soft 
parts between the ears and the temples, the elephant is called szvgddhdal; and when 
the fluid trickles from all three places, Tadjor. When hot, elephants get attached to 
particular living creatares, as men, or horses ; and some to any animal. So at least 
according to Hindé books. 

The Bhaddar ruts in Libra and Scorpio; the Mand in spring ; the Mrrg in 
Capricorn and Sagittarius; the Afr in any season. Elephant-drivers have a drug 
which causes au artificial heat ; but it often endangers the life of the beast. The 
noise of battle makes some superior elephants just as fierce as at the rutting season ; 
even a sudden start may have such an effect. Thus His Majesty’st clephant Gaj 


* Bee pages 263, 261, 266, and 284. 

+ Ghalia qfshan isa flat picce of wicker work, from one to two feet square. Threo sides of the 
gquare are wightly bent upwardy. They put grain on it, and seizing the instrument with both 
hands, throw up the grain, till the refuse collects near the side which is not bent upwards, when it 
is removed with the hand. 

* His Majesty here signifies the Emporor Akbar who reigned in Hindustan 1556 to 1605 A.D. 
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k—he becomes brisk, as soon as he hears the sound of the Imperial drum, or 
gets the abovementioned discharge. This peculiar heat generally makes its first ap- 
pearance when elephants have reached the age of thirty ; sometimes, however, earlier, 
at the age of twenty-five. Sometimes the heat lasts for years, and some of the Imperial 
elephants have continued for five years in uninterrupted alacrity. But it is mostly 
male elephants that get hot. They then throw up earth, run after a female, roll 
about in mud, and daub themselves all over with dirt. When hot, they are very 
irritable, and yawn a great deal, though they sleep but little. At last, they even 
discontinue eating, and dislike the foot-chain ; they try to get loose, and behave 
noisily. 

The elephant, like man, lives to an age of one hundred and twenty years.* 

The Hindf language has several words for an elephant, as hasti gaj, pil, hat’hi, 
&c. Under the hands of au experienced keeper, he will much improve, so that his 
value, in a short time, may rise from one hundred to ten thousand rupees. 

The Hindis believe that the eight points of the earth are each guarded by a heaven- 
ly being in the shape of an elephant; they have curious legends regarding them. 
Their names are as follows :— 


1. Airdéwata, in the East. 5h. Anjan, West. 

2. Pundarika, South-east. 6. Puhpadanta, North-west. 
3. Badman, South. 7. Sérbhabhima, North. 

4, Kumada, South-west. 8. Supratika, North-east. 


When occasions arise, people read incantations in their names, and address them in 
worship. They also think that every elephant in the world is the offspring of one of 
them. Thus, elephants of a white skin and white hairs are related to the first ; 
elephants with a large head, and long hairs, of a fierce and bold temper, and eyelids 
far apart, belong to the second ; such as are good looking, black, and high in the 
back, are the offspring of the third ; if tall, ungovernable, quick in understanding, 
short-haired, and with red and black eyes, they come from the fourth ; if bright 
black, with one tusk longer than the other, with a white breast and belly, and long 
and thick fore-feet, from the fifth; if fearful, with prominent veins, with a short 
hump and ears, and a long trunk, from the sixth; if thin-bellied, red-eyed, and with 
along tronk, from the seventh; and if of a combination of the preceding seven 
qualities, from the eighth. 

The Hindés also make the following division into eight classes :-— 

1. Elephants whose skin is not wrinkled, who are never sick, ate grand looking, 
do not run away from the battle-field, dislike meat, and prefer clean food at proper 
times, are said to be Dév mizdj (of a divine temper). 

2. Such as possess all the good qualities of elephants, and are quick in learning, 
in moving the head, ears, trunk, fore-legs, hind-legs, and the tail, and do no one harm, 
except they be ordered to do so, are Gandharba mizdj (angelic). 

8. If irritable, of good appetite, and fond of being in water, they are Barhaman 
mised] (of a brahminical temper). 

4, Such as are very strong, in good condition, fond of fighting, and ungovern- 
able, are said to have the temper of a Khetri, or warrior. 


* Hindustan must, in thes. days, have been a very healthy country. 
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5. Those which are of a low stature, and forgetful, self-willed in their own work, 
and neglectful in that of their master, fond of unclean food, and spiteful towards 
other elephants, are Sidra mizdj. 

6. Elephants who remain hot for a long time, and are fond of playing tricks, or 
destructive, and lose the way, have the temper of a serpent. 

7. Such as squint, and are slow to learn, or feign to be hot, have the temper of 
pishdcha (spectre). 

8. Those who are violent, swift, and do men harm, and fond of running about at 
night, have the qualities of a Rdérhhas (demon). 

The Hindas have written many books in explanation of these various tempers, 
as also many treatises on the diseases of the clephants, their causes and proper re- 
medies.* 

Elephants are found in the following places : In the Saba of Agra, in the jungles 
of Bayaw4n and Narwar, as far as Barar ; in the Saba of [)&h4bad in the confines 
of Panna, (Bhat’h) Ghora, Ratanpar, Nandanpor Sirguja, and Bastar ; in the Saba 
of Malwa, in Handiah, Uchhod, Chanderi, Santwas, Bijagarh, Raisin, Hoshanyabad, 
Garha, and Harifgarh ; in the Saba of Bibar, about Rohtés and in Jhaérk’hand ; 
and in the Saba of Bengal, in Orisa and in Satgaon. The elephants from Panna 
are the best. 

A herd of elephants is called in Hindi sahn. They vary in number; sometimes 
a herd amounts to a thousand elephants, Wild elephants are very cautious. In 
winter and summer, they select a proper place, and break down a whole forest near 
their sleeping-place. For the sake of pleasure, or for food and drink, they often travel 
great distances. On the journey one runs far in front of the others, like a sentinel ; 
a young female is genera!ly selected for this purpose. When they go to sleep, they 
send out to the four sides of the slceping-place pickets of four female elephants, 
who relieve each other. 

Elephants will lift up their young ones, for three or four days after their birth, 
with their trunks, and put them on their backs, or lay them over their tusks. They 
also prepare medicines for the females when they are sick or in labour-pains, and 
crowd round about them. When some of them get caught, the female elephants 
break throngh tne nets, and pull down the elephant-drivers. And when a young 
elephant falls into a snare, they hide themselves in an ambush, go at night to the 
place where the young one is, set it at liberty, and trample the hunters to death. 
Sometimes its mother slowly approaches alone, and frees it in some clever way. I 
have heard the following story from His Majesty :—“ Once a wild young one had 
fallen into a pit. As night had approached, we did not care to pull it out immedi- 
ately, and left it ; but when we came next morning near theplace, we saw that some 
wild elephants had filled the pit with broken logs and graas, and thus pulled out 
the young one.” Again, “Once a female elephant played us a trick. She feigned 
to be dead. We passed her, and wert onwards ; but when we returned at night, 


we saw no trace of her.”’ 
The Harness of the Elephant. 


1. The Dharaahk is a large chain of iron, gold, or silver,—of sixty oval links, each 
weighing three sira ; but it differs in length and thickness according to the strength 
e should be searched for and examined, 
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of the elephant. One end is fixed in the ground, or fastened to a pillar, the other 
tied to the left hind-leg of the elephant. Formerly, they fastened this chain to the 
fore-foot ; but as this is injurious to the chest of the elephant, His Majesty ordered 
the usage to be discontinued. 

2. The Andis is a chain with which both fore-feet are tied. As it annoys the ele- 
phant, His Majesty ordered it to be discontinued. 

8. The Beri is a chain for fastening both hind-feet, 

4, The Baland is a fetter for the hind-feet,—an invention of His Majesty. It 
allows the elephant to walk, but prevents him from running. 

5. The Gaddh beri resembles the And4, and is an additional chain for the hind- 
legs of unruly and swift elephants. 

6. The Loh langar is a long chain, suitable for an clephant. One end is tied to the 
right fore-foot, and the other to a thick log, a yard in length. This the driver keeps 
near him, and drops it, when the elephant runs two swiftly, or gets so unruly as no 
longer to obey. The chain twists round his leg, and the log will annoy the animal 
to such an extent, that he necessarily stops. This useful invention, which has saved 
many lives, and protected huts and walls, is likewise due to Ilis Majesty. 

7. The Churkhi is a piece of hollowed bamboo, half a yard and two tassijes long, 
and has a hole in the middle, It is covered with sinews and filled with gunpowder, an 
earthen partition dividing the powder into two halves. A fuzee wrapt in paper is 
put into each end. Fixed into the hole of the bamboo at right angles is a stick, 
which serves as a handle. Upon fire being put to both ends, it turns round, and 
makes a frightful noise. When elephants fight with each other, or are otherwise 
unruly, a bold man on foot takes the burning bamboo into his hand, and holds it 
before the animals, when they will get quiet. Formerly, in order to separate two 
elephants that were fighting, they used to light a fire ; but people had much trouble, 
as it seldom had the desired effect. His Majesty invented the present method, which 
was hailed by all. 

8, Andhiyéri (darkness), a name which His Majesty changed into Ujydéli (light), is 
& piece of canvass above one and a half yards square. It is made of brocade, velvet, 
&c., and tied at two ends to the Kiléwa. When the elephant is unruly, it is let fall, 
so that he cannot see. This has been the saving of many. As it often gives way, 
especially when the elephant is very wild, His Majestv had three heavy bells attached 
to the ends of the canvass, to keep it better down. This completed the arrangement. 

9. The Kildwa consists of a few twisted ropes, about one and a half yards long. 
They are laid at the side of each other, without, however, being interwoven among 
themselves, the whole being about cight fingers broad. A ring is drawn through 
both ends of the ropes, and fastened where the throat of the elephant is: the ele- 
phant driver rests his feet in it, and thus sits firmly. Sometimes it is made of silk 
or leather. Others fix small pointed iron spikes to the kilawa, which will prevent an 
unraty elephant from throwing down the driver by shaking his head. 

10. The Dult’hi is a rope five yards long, as thick as a stick. This they tie over 
the kilawa, to strengthen it. 

11. The Kenér isa small pointed spike, half a yard long. This they likewise 
attach to the kiliwa, anu they prick the elephant's cars with it, in order to make the 
animal wild, or to urge it on. 

12. The Der isa thick rope passing from the tail to the throat. When properly 


250 


NOTES ON ELEPHANTS AND THEIR TRANSPORT BY RAILWAY. 9 


tied, it is an ornament. They catch hold of it when the elephant makes an awkward 
tnovement ; and attach many trappings to it, F 

18, The Gadela is a cushion put on the back of the elephant, below the dolt’hi. 
It prevents galling, and is a source of comfort. 

14. The Gudauti is a chain of brass. They attach it near the tail, which it pre- 
vents from getting injured by the dulthi, It is also ornamental. 

15. The Pichwah is a belt made of ropes, fastened over the buttocks of the ele- 
phant. Jt is a support for the hei, and of much use to him in firing. 

16. The Chaurdsi consists of a number of bells attached to a piece of broadcloth, 
tied on before and behind with a string passed through it. It looks ornamental and 
grand, 

17. Pitkachh is the name of two chains fastened over the elephant’s sides. 
Attached to them, a bell hangs below the belly. It is of great beauty and 
yrandeur. : 

18 Large chains. They attach six on both sides, and three to the kilawa, the 
latter being added by His Majesty. 

19. Kutas (the tail of the Thibetan yak). Sixty, more or less, are attached to the 
tusk, the forehead, the throat, and the neck. They are either white, black, or pied 
and look very ornamental, 

20. The Tayya consists of five iron plates, cach a span long, and four fingers broad, 
fastened to each other by rings. On both sides of the Tayya there are two chains, each 
a yard long, one of which passes from above the ear, and the other from below it, to 
the kilawa, to which both are attached. Between them is another chain, which is 
passed over the head and tied to the kilawa; aud below, crossways, are four iron 
spikes ending in a curve, and adorned with knobs. The Autds are attached here. 
At their lower end are three other chains similarly arranged Besides, forr otber 
chains are attached to the knob ; two of them, like the first, end in a knob, whilst 
the remaining two are tied to the tusks, To this knob again three chains are attached, 
two of which are tied round about the trunk, the middle one hanging down. K utés 
and daggers are attached to the former knobs, but the latter hes over the forchead. 
All this is partly for ornament, partly to frighten other animals, 

21. The Pda ’har is like armour, and of steel ; there are separate pieces for the 
head and the trunk. 

22, The Gaj-jhamp is a covering put as an ornament above the piak’har. It 
looks grand, and is made of three folds of canvass, put together and sewn, broad 
ribbons being attached to the outside. 

23, Tho Meg’A dambdar is an awning, to shade the clephant-driver, an invention 
by His Majesty. It also looks ornamental. 

24, The Hampiyala is a fillet for the forchead, made of brocade or similar stuffs, 
from the hem of which nice ribbons and Aufds hang down. 

25. The Gafeli consists of four links joined together, with three above them, and 
two others over the latter. It is attached to the feet of the elephant. Its sound is 
very effective. 

26. The Pdi ranjan consists of several bells similarly arranged. 

27. The A'nkis is a small crook, His Majesty calls it Gajbdg,. It is used for 
guiding the elephant and stopping him. 

28, The Gad is a spear which has two prongs, instead of an iron point. The Bho 
makes use of it, when the elephant is refractory. 
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29, The Bengri is a collection of rings made of iron or brass. The rings are put 
on the tusks, and serve to strengthen as well ag to ornament them. 

80. The Jagawat resembles the Gad, and is a cubit long. The Bhoi uses it, to 
quicken the speed of the elephant. 

81. The Jhandd, or flag, is hung round with dufds like a togh. It is fixed to the 
side of the elephant. 

But it is impossible to describe all the ornamental trappings of elephants, 

For each Mast and Shirgir and Sdda elephant, seven pieces of cotton cloth are 
annually allowed, each at a price of 8g dédms. Also, four coarse woollen pieces, called 
in Hindi sambal, at 10 déms each, and eight ox hides, each at 8 ddms. For Manyhola 
and Karha elephants, four of the first, three of the second, and seven of the third, 
are allowed. For P’handurkiyas, and Mokals, and female elephants, three of the 
first, two of the second, four of the third. The saddle cloth is made of cloth, lining, 
and stuff for edging it round about ; for sewing half a sir of cotton-thread is allowed, 
For every man of grain, the ha/ka dar is allowed ten sire of iron for chains, &c., at 
2 dams per sir ; and for every hide, one ser of sesame oil, at 60 dams per man. A)sa, 
5 sirs coarse cotton-thread for the kiléwa of the elephant on which the Faujddr 
rides, at 8 dams per sir; but for other elephants, the mon bave to make one of 
leather, &c., at their own expense, 

A sum of 12 dams is annually subtracted from the servants ; but they get the 
worn-out articles. 

In order to prevent laziness, and to ensure attentiveness, His Majesty, as for all 
other departments, has fixed a list of fines. On the death of a male or female kidssa 
elephant, the Bhvis are fined three months’ wages, If any part of the harness is 
lost, the Bhois and Met'hs are tincd two-thirds of the value of the article ; butin the 
case of a saddle cloth, the full price. When a female clephant dies from starvation, 
or through want of care, the Bhois have to pay the cost price of the animal. 

If a driver mixes drugs with the food of an elephant, to make the animal hot, and 
it dies in consequence thereof, he is liable to capital punishment, or to have a hand 
cut off, or to be sold asa slave. If it was a khdssa elephant, the Bhois lose three 
months’ pay, and are further suspended for one year. 

Two experienced men are monthly despatched to enquire into the fatness or lean- 
ness of #Adssa elephants. If elephants are found by them out of flesh, to the extent 
of a quarter, according to the scale fixed by the Pagoshkt Regulation, the grandees 
in charge are fined, and the Ghois are likewise liable to lose a month's wages. In 
the case of Halka elephants, Ahadis are told off to examine them, aud submit a 
report to His Majesty. If an clephant dies, the Mahdwat and the Bioi are fined 
three months’ wages. If part of an elephant’s tusk is broken and the injury reaches 
as far as the kali—this is 4 place at the root of the tusks, which on being injured is 
apt to fester, when the tusks get hollow and become useless—a fine amounting to 
one-eighth of the price of the elephant is exacted, the Darogha paying two-thirds, 
and the Faujddr one-third. Should the injury not reach as far asthe uli, the fine 
is only one-half of the former, but the proportions are the same. But, at present, a 
fine of one per cent. has become usual; in the case of &kdssa elephants, however, 
such punishment is inflicted as His Majesty may please to direct. 


The following table (page 252a) gives details regarding the classifiva- 
tion of clephants and the pay of their attendants :— | 
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From the Commissariat Code for the Madras Presidency, by Major H. P. 
Hawkes, D.A.C.G., 1878, paragraphs 335, 846 to 364, 380 and 608. 


Elephants should not be purchased less than 15, more than 80, years 
old, nor less than 7 feet in height ; they will work until 80 years old. 

The age is roughly judged by the overturning of the upper lap of the 
ear. The elephant is supposed to be— 

30 years old, when the ear is turned over 1 inch. 
30—60 . P » 1 to 2 inches. 
Aged, when the ear is turned over more than $ inches. 

When wading, or swimming in, rivers, the load should be removed. 
The ivory obtained from periodical enttings of elephants’ tusks and from 
dead clephants is brought on the general stock. 

When an elephant dies, an application should be made to the Officer 
Commanding the Station to assemble a committee to report on the cause 
of death. The proceedings should be handed to the Commissariat Officer. 

The following table gives details regarding the daily food of an ele- 
phant :— 
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Rice and salt (rations) are not issued to sick elephants.* Should for- 
age, in excess of the allowance, be required for elephants of unusual size, 
special sanction of the Commissary General must be obtained. An ele- 
phant drinks twice daily 15+ gallons ; he cannot go more than 24 hours 
without water. When he dies, his two attendants are dismissed; and 
when laid up with galled back, wounds, sprains (caused by neglect), are 


put on half-pay till the animal is fit for work. A purge should be given 


© See page 258, 280, 284, and 288. 
t Dr. Gilchrist says 9é-gallons on each occasion. 
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15 days before going on boardship; and a certain quantity of* earth, 
which acts as a purge, should be taken. 
A faujddr in charge of a detachment of elephants numbering — 


8to 9 is allowed Rs. 16 per month, 
10 to 12 ‘i » &I8 P 
18 to 15 6 «20 Pe 
Elephant-gear consists of — 

A namda of felted wool, 1 inch thick, 6 feet to 7} fect square, covered on the 
upper side with gunny, and on the lower with coarse cloth. 

A gadela, or two bags of gunny, each 1 foot thick, 2) feet broad, 5 feet to 6 
feet long (when empty). 

These bags are filled with bullrushes and joined together at each end, leaving 
the middle space open to receive the backbone, 

A nim-gaddi of the same dimensions as the gadela, save in the width, which 
is less. 

A jhal, or cloth of gunny, 10 feet to 12 feet long, and 6 feet to7 feet wide, 
the kilawa, or neck-rope, 12 feet long, 4-inch in diameter, weighing 2 lbs. 
This rope is passed twice round the animal’s neck. 

A nanda, or girth-rope, 90 feet long, 1}-inch in diameter, weighing 10 Ibs. 
covered at those parts, where it passes beneath the belly and tail, with leather. 
This secures the saddle. 

A load-rope, 60 feet long, 1 inchin diameter, weighing 5 lbs. This secures the 
load. 

A rice-bag, which holds the rice-ration, 80 Ibs. 

An undher, or a pair of fetters, for hobbling. 

A Jungs, or a pair of tethering chains, 


The following table shows the quantity of material required for elephant- 


housings :— 
een 
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The Ist size, | 37 | 25) 14) 18) 6 1100 60 | 14] 3 | 62} 1) 20) 17 









! 
The 2nd size, ... | 33 a 16 | 61] 88 b1 


' Dr, Giichrist says siliccous earth ; but Mr. Sanderson, black earth impregnated with natron. 
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When required for pushing guns, the elephant’s head should be protected with a 
well-stuffed leather pad. Foot-boards required for the conveyance of sick, in howdas 
are supplicd by the Commissariat. 


From the Record of the Expedition to Abyssinia, by Major Holland and 
Captain Hozier, 1870, Vel. 1, pages 86, 214, 226, and 360; Vol. 2, 
pages 172, 229, 263, and 472. 

Elephants travelled many hundreds of miles, over a mountainous coun- 
try, bearing the loads set forth in the following table :— 







































Weight in lbs. Q. | Weight in tbs. m 
eee ee —| SED “Ee 
12-pr. B. L. Armstrong CHS 8-inch Mortar. l¢ Rs z=: 
guns. Detail. | Total. | “£5! Detail. | Total. | 42 
re oe 
Gun, ee ae a4 Mortar, .- ea | 924 : 
Cradle, .. os 150 Travelling bed,.. | 168 
Pad, ar ee | 500 Cradle, .. ee | 252 
1,574 1 | Pad, .- wie 500 
| 1,844] 1 
Carriage, .. e- | 966 | 
Cradle, oe ee | 150 Jron bed, -. | 840 
Pad, si -» | 500 Travelling bed,.. | 168 
——— | 1,616 1 | Cradle, oo ee 252 
Pad, - 500 
1,760 | 1 
2hoxesammunition, | 510 
] wheel, .. oe | 814 
ad, oe ee 500 Skids, ee oe oe 
———— | 1,324 L | Implementboxes,, .. 
Handspikes, .. oe 
——|} ? 1 
3 wheels, oe eo 942 


Pad, ee oe 600 
named 1,442 I Powder,.. ae oe f 1 








The mortar-shells were carried on mules,—4 to cach mule. 


The loading of the 12-pr. B. L. Armstrong gun was thus effected— 


It being difficult to get the animals to remain quite under the fall, it was found im- 
practicable to use the shears. The loading was therefore effected as foliows :— 

In tho case of the gun, a skid was placed with one end resting on the ground, the 
other on the cradle, the elephant being in a sitting posture. The breech-screw being 
removed, handspikes were inserted in the bore at the breech on the muzzle, and the 
gun was lifted up along the spar by eight men to its rest in the cradle. To assist the 
lift, a siding-rope was attached to the gun at the trunnions, passed over the cradle, 
and manned on the opposite side by four men ; with this too, the gun was kept steady, 
while the men, who were lifting, obtained a fresh purchase. 

In the caso of the carriage, two skids were used; twelve men were required to lift it. 


2505 


14 NOTES ON ELEPHANTS AND THEIR TRANSPORT BY RAILWAY. 


The limber was lifted bodily up and placed in its cradle; a wheel was placed on 
the top and lashed securely. The ammunition-boxes were slung, one on each side of 
the animal, with a wheel laid on the top of the pad, and lashed. 

The three wheels were slung,—one on each side, and one on the top. 

The chief delay took place in equipping the elephants with their gear 
and cradles; once this was done, the gun and carriage were loaded in 
two or three minutes. The other loads took longer on account of the 
lashing. 

The loading of the 8-inch mortars was thus effected :— 


The elephants being seated, two parallel skids were placed with their upper ends 
resting on the cradle, their lower ends on the ground, parallelism being preserved by 
iron stays; they were formed with a track, along which the iron trucks of the travel- 
ing bed, fitted with iron flanges, ran. 

Tackle was attached to the travelling bed passed over rollers, which were fixed in 
the cradle ang manned on the opposite side of the animal ; four men, with hand- 
spikes, heaved the mortar (or bed) up the skid, and the tackle being hauled on, the 
Joad was ran up rapidly into its cradle. 

To prevent the pad being displaced while the load was hauled up, a third skid was 
placed on the off (hauling) side with one end resting against the cradle. 

The delay in preparing the elephant was the same us in the case of the gun. 


Unloading was performed, under the same arrangements, with both 
descriptions of ordnance ; with the guns, it was an easier process than that 
of loading, and often only one skid was used in unloading the gun- 
carriage. 

In place of coir, curled hair should be used for the stuffing of the 
under-pad, which also should be thicker. 

The skin of the elephant is so tender that it easily becomes chafed. 
Serious galls and sores ensued from friction as well as from the pressure 
of the heavy weights, which remained on the elephants’ backs, at times 
from 12 to 20 hours without relief. 

The pads should be fitted with breechings and breast-pieces, as the 
rope causes very severe galls and sores. Moreover, in ascending, the strain 
caused by the weight being thrown back, acts very detrimentally on the 
respiration. To remedy this defect, an arrangement like a horse-collar 
might be used. 

They should be attached and secured in the same manner as the cradles: 
that is, by being secured from the sides under the belly, instead of by a 
rope passing completely round and over the animal. 

The objection to the present arrangement is that, if the ropes are 
found to be loose, they cannot be adjusted without removing the loads ; 
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but, under that proposed, the ropes could be drawn tight as the girths of 
a saddle. 

Elephants are slow movers over a mountainous country, and apt to get 
foot-sore. They have frequently been employed for the draft-transport 
of artillery in Indian warfare; but, when guns have been carried, it has 
been for short distances only. In Abyssinia it was proved that clephants 
could carry 12-pr. B. L. Armstrong guns and 8-inch mortars over steep 
mountains for maay hundreds of miles. 

The following table shows the daily allowance at sea and on land: — 


Datly Allowance in lbs. per each Elephant. 





ATE sitll Re OAT Rice” et ONE AOE Oh TRA S ahammnmnameanmnamdaena tt 





























At sea On land. 
Na. of once a Coxe S es ee 1 od eater es ae ee eee ne ete 
elephants, 
Rice or | Hay or . 
| Gram. four. | karbi. | Salt Water. Flour. | Hay. |Firewood! Salt. 
44 4 | 20 | 175 | gy |40gallons; 25 | 175 | 15 § 





























Of these forty-four elephants, five died after the fall of Magdala; two 
from exhaustion, and three from want of water. 
Two ships were fitted for carrying clephants from India to Abyssinia— 


The elephants were placed in the hold* of the vessels on a temporary flooring made 

of stones and shingle, back to back ; their heads towards the ship’s sides. A vessel 
of 34 or 36 feet beam admits of two elephants being thus placed, and of a gang-way 
being left between, broad enough for the attendants to pass to and fro for clearing 
away filth. 
' The breadth of the stalls was 6 feet divided off by two cross-beams, each 1 foot 
broad, 3 foot thick, which rested on a longitudinal shelf-piece, $ foot broad, # foot thick, 
which again was sccured to the ship’s side by cleats 13 foot long, yg foot wide, placed 
5y'y feet apart along the side. 


These tranaverse beams required a strong moveable upright in the centre (amid- 
ship) to prevent their being injured, or displaced, by the elephants pressing against 
them. 


The following details regarding the nature of the elephant may be of 
service : — 


The skin should be of a colour approaching to black, and its feel bristly. A pale 
coloured elephant with the hair downy is not in good health, 

In good health an elephant is always in motion, swinging the well-stretched trunk, 
and flapping the ears; a listless state, with trunk gathered up, betokens ill-health. 

The inside of the mouth and the tongue should be of a rich pink colour, withont 
any black spots on the palate or roof of the mouth. 


® See page 260. 
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The light spots on the head of the trunk, and neck, and cars, should show bloom ; 
they are the complexion of the animal, or beauty-spots. Too pale a colour denotes 
poorness of health ; and too high a colour, an overheated state of body. 

The eye of an elephant in good health should appear as large in the evening, as 
in the strong light of the morning. When an elephant becomes overheated in blood, 
his eye will be covered by a scum difficult to remove. Fresh butter, or good ghi, 
with the rations is as good as anything for them in this state. 

Hard Inmps on the belly, or round the flanks, are of two kinds :— 

In the first case the lumps will break off themselves, and are the effect of an 
overheated state of body throwing itself off in superficial eruption. This is not 
dangerous. 

In the second, the lumps are hard and will not break ; they are the precursors of 
*‘zahr-bad”’; and if the disease be not nipped in the bud, it will destroy the animal. 

The male becomes mast during the rainy season for a period of three months. 
This season may be shortened by cooling medicines, Te will, in this state, have a 
discharge of water from two small orifices, at each side of the jaw and under the eye. 

The parts inside and under the nails are lable to sores ; and so tender does the 
foot become, that pressure of a tinger on the spot will make the animal wince. This 
disease called ‘‘kandi” will (if the sore gets no vent downwards) cause the nail to 
fall off. It is a troublesome disease, and takes months to cure. In perfect health, a 
moisture, or perspiration, may be noticed at the junction of the toe-nail with the flesh 
of the foot. 

Elephants troubled with worms eat mud; they should then go rationless.* If this 
occurs oftener than once a month, it is @ proof that the mixtures of food are not suit- 
able. A good elephant-driver will pay great attention to the dung, urine, thirsty or 
unthirsty stute of the animal, Elephants, rationless, in this state, are considerably 
purged by the earth they eat. 

To stop purging, bamboo-leaves should be given ; and the animals should not be 
bathed. Tumours and skin-cuts are invariably cansed by negligence, or ignorance, 
on the part of the drivers. After loading their elephants, the drivers will often dis- 
place part of the load to stowing privately some buadle of their own property ; some- 
times the insufficient stuffing of the pads accounts for the mischief. 

Treatment.—When a tumour is discovered, a driver will generally counsel its 
being pressed away ; this will cuuse sinuses to run deeper into the skin. 

Apply a poultice of nim-leaves for two or more days, till the skin becomes soft, 
and the tumour rises near the surface ; then rip it open freely, cutting it on either 
side down the ribs, but never across the back-bone. 

After the pus has escaped, there are two modes of dealing with the wound— 

(2). Put pigeon-dung and salt (or bark of the root of the madder tree and salt) in 
equal proportions into the sore for a few days after being cut open, to clear 
away any proud flesh, and keep the wound warm by a bit of padded stuff. 

Then apply an oinment consisting of ~ 

% bottle of native sweet oil, 
4 4 spirits of turpentine, 
4 ounces of clean, good camphor. 


® The mud causes the worms to be evacuated dead. The word ration applica to the allowance of 
galt, rice and flour, 
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There is no better ointment* than this for curing elephant-sores. 

(t). Fill up the wound with nim-leaves after bruising them in a small quantity of 
hot water; remove this plugging twice a day for three days ; and syringe 
out with a decoction of blue vitriol, until the wound assumes a healthy 
appearance. 

Gunda-birosa may then be applied, care being taken that the lips of the wound are 

kept open, and that the granulation fills up from the bottom. 

Abrasions require to be washed clean and smeared with camphor-oil (or earbolic 
acid) to prevent annoyance from flies, Take the animal off work, and such sores 
will soon heal, 

In the case of sore-toes, or feet, clear the vicinity of the sore ; wash it well with a 
decoction of blue vitriol, forcibly squirted with syringe, till the offensive smell be 
overcome ; then apply— 

Chloride of lime, 2 chhataks = 4 ounces. 
Jommmion lime, 4 5 i 

Mix both into a paste, and plaster the wound, which must. be closed with cotton to 
prevent intrusion of dirt. The same may be applied to whitlows, or chajan sores. 

In the case of sore eyes, use canstic lotion with a syringe, whenever there is inflam- 
mation present For a white film, syringe the eye with a solution of half of au 
ounce of alum in a pint of water, 

Klephants in a heated state are apt to get a chill, “chaurang.” Extreme cold has 
the sume effect. The sinews of the neck, chest, and hips become cramped, and the 
animal can barely move. A dram of liquor, or a few warm “ masalih “ may prevent 
the disease ; but months of care will hardly cure it, and the animal will, in future, be 
predisposed to it. 


The following are the chief causes of disease :— 


Want of shelter from extreme heat and cold ; excessive rain and storms of wind and 
rain; waut of sleep ; violence in the use of the “ anukas ” which induces a ruuning of 
the eves, turning into sore eyes ; heating fodder, which also produces sure eyes ; bark 
‘and leaves, covered with birds’ dung, which prodaces spasms ; the giving of gram when 
they are suffering trom worms ; exposure to the sun, which causes “ sarza,” In which 
a tremor comes over the aniinal and he expires ; neglect of elephant attendants as to 
food, whi.h should be clean, wholes me, and sufficient ; the not being bathed daily 
during the hot season ; overwork and bad driving. 

Elephants require but little sleep. When he has had enongh to eat, and is not 
prevented by noise, want of room, or nneven ground, he will lic down before mid- 
night ; sleep for a couple of hours ; get up and cat a little , and then lie down on the 
other side, rising finally two or three hours betore daylight to finish his fodder. It 
takes a considerable time for him to satisfy the first cravings of hunger ; and if the 
fodder be not given in time to enable him to do su by midnight, he will go on cating 
all night, and not lie down at all. 


* Sergeant Ruaaell, Commissariat Department, sayva— 
} part carholic acid, 
3 parts common ofl, 
is the best ointment. 
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The practice of Government elephant-drivers on the march is this— 


After the march, the clephant is tied to a tree ; and his fore-legs being fastened 
together, he is left in the sun, while the elephant-driver eats, smokes, and sleeps, till 
he thinks it is cool enough to take his animal for fodder that is brought in late in 
the evening. Then the animal is bathed, so that, with this and that, he does not 
begin cating his fodder till 8 or 9 o’clock. He then eats voraciously till the camp is 
awake again. If this docs not kill him directly, it so weakens him, that he is unfit 


for any real work. 
An elephant should go one hour after the march for fodder ; be well washed ; get, 


before sunset, a little fodder ; and then the gram ; and be fastened for the night, with 
the night's fodder before him, at 7 o'clock. He seldom sleeps more than four hours, 
thouch after great fatigue he will ie all night. Early feeding should be insisted ou. 

Attention should be paid to giving clephants fod ier enongh. No amount of gram 
will compensate for a continued short allowance of good fodder ; he requires a belly- 


full of fodder, more even than the horse. ‘Lhe fodder consists of— 

Green chana, gular, banian, bargul, jack-tree, plantain, sugar-cane, pipul, pakur, 
semal, amif, permi, dried dhan, narkat, grass of all kinds, bamboo, kurean kans, 
dhén, jowar, mundwa, voreed, and dal. 


Pipul should be given moderately and cautiously, for it is heating, and 
causes an affection of the eye. 


From the Transport Regulations, Transport of Troops by Sea, 187%, 
paragraphs 36, 39, 89,131, and 183. 
When elephants are shipped, the deck on which they are placed cannot 
be too well ventilated. Windsails should be fixed wherever practicable. 
Scuppers (fitted with a 4-1Inch pipe) should be cut in the deck, in rear 
of thc stalls, to carry into the bilge the urine and water used in cleaning 
the stalls ; placed wherever the water lies, two or three on cach side of 


the vessel; and covered thus Gay , not with “ roses.”’ 


Elephants (one fore-leg and both hind-legs tethered) are usually placed 
in the hold,* as they feel the motion less there, part of the planking of 
the upper deck being removed for the purpose of ventilation. Ifthe bottom 
of the hold be not boarded, shingle, 2 or 3 feet in depth, should be laid 
with a covering of sand. In this case, 3 tong of sand, per elephant, per 
period of 30 days, should be taken to allow of the old polluted sand being 
daily replaced with fresh clean sand, and to keep the clephaut’s feet dry 

* Sergeant Russell, Commissariat Department, says— 
That he embarked eighty clephants at Calcutta, for Chittagong, for the Leoshai expedition, on 


the deck of vessels belonging tothe Uritish India Steam Navigation Company; and four eluphants, 
for the Khediv of Lgypt, on the deck of a steumer of the L’. and O. Linc. 
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and uninjured. Care must be taken to prevent the pumps getting choked.* 

A spare berth, amidships, should be left for a sick elephant. This 
allows of a dead elephant being easily removed; if it be not done, the dead 
elephant has to be cut up. This is an operation not only disagreeable, 
but one that excites the other elephants. See Plate IIT. 


From the Soldier’s Pocket-book for Field Service, by Colonel Sir Garnet 

Wolseley, pages 37, 271, and 272. 

The elephant becomes fit for work at 20 years of age, lasts well to 50 
or 60 years of age; can, when laden, keep up well with infantry; is 
most tractable in disposition; is invaluable during marches, in countries 
flooded by rain, for extracting carts, guns, and wagons that have stuck 
in the mud; is used in India for the draught of siege-train guns. 

Before taking the guns under fire, it is necessary to have the elephants 
taken out and replaced by bullocks.t 

The height of an elephant varies from 10 to 11 feet{; his weight is 
about 6,600 tbs. ; a height of 15 feet should be left on bridges, where the 
trusses are joined transversely overhead. Elephants cannot be made to 
crowd together. 


11’ K 9 = 99 sqr. fect, the space occupied by a laden elephant. 
1l' x 5 = 55 ‘5 ps an unladen clephant. 
13 cwt. = average load of an elephant. 


12. %; gross load of animal and its burden. 

28-8 ,, == load on the two hind-legs = +5 of 

432 , = ” » fore ,, = 

444) ,, == possible maximum load, on one foot. 

66-0 ,, == weight of an elephant harnessed to a gun, 


G5 feet == distance between the fore and hind-legs. 
55 4, == distance of the hind-legs of the shaft-clepkant from the axle 
of the limber. 
22°5 4, == distance of the nind-legs of the leader-elephant from the axle 
of the limber. 


From the Hand-book for Ficld Service, by General Lefroy, pages 50 to 
52 and 426. 


The elephant draws a gun over narrow ravines where the space is so 


* This practice seems to befraught with danger. How arethe pumps tobe kept clear of the sand? 
If clay were taken, the pumps would uot be choked ; and the cluy might be useful as a deatoriser, 
On the use of siliceous carth, see page 288; and, on black earth, page 268. 

1 It is elsewhere stated that this ie unnecessary, 

{ This is entirely opposed to what is said by Mr. Sanderson, the latest authority. See page 264, 
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restricted that a team of horses or bullocks would be unable to act, and 
manual labour would have to be employed,—or in a heavy, sandy, hilly 
country ; feels his way across a river when the bed is sandy and danger- 
ous, with the greatest caution; hesitates to proceed if he discovers a 
quicksand ; and can extricate himself generally (if a little brushwood be 
given) under circumstances where a gun (with a team of bullocks or 
horses) would probably be lost. 

During cool weather, or at night-time, his pace is 34 miles an hour, 
which can be maintained during a march of 12 or 14 miles; but when 
the weather is hot, the pace considerably diminishes. 

His daily food consists of— 

14 to 16 tbs. of coarse flour ; 
80 Ths. of green food.* 

Two elephants—one in the shafts, the other as leader—are required 
for the draught of an 18-pr. gun, or 8-inch howitzer. The following 
table gives necessary details of these two pieces of ordnance :— 


8-pr. Gun. 

















Details. Cwt-| Qre | Ths Detaiis. ow. | Qr, | the. 

| 
Iron gun, es «» |} 42} .. | .. | Irongomer,.. oo | 21 | oe | oe 
Carriage, ee -» | 45 |] 3410] Carriage, ee oo | 29]; 1] G 
Limber, oe es 1 5 3 | 13 | Limber,. « se ee } 5 3 13 
Total, ee ee o@ ae Total, ea 66 oe 19 


Ammunition wagon, .. | 21] .. {| 8 | Ammunition wagon, .. | 21} 2) 6 


Limber, .. es -» | 12] 3 | 16 | Limber,.. - | 10} 3] 15 





Total > oe 33 8 | 23 Total $s oe 32 2 3 


TEIN TELE LOE IEEE TILTED LLL MELE ET TSI TTT TIS i I IE I RELEASE TO TITEL EET ARATE LENE D TOLER ED 


* As sugar-cane, greon corn, leaves, branches of the sacred fig tree and of the pipul. Dry fodder 
is not here mentioned. 
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208 rounds for each 18-pr, 
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The elephant draft-harness consists of— 

A large pad, which completely covers the animal from the withers, coming 
well on the quarters down on both sides, low cnough to prevent the skin 
from being chafed by the shaft or draft chains. 

A small pad, on the top of the large pad, to protect the back. 

A pad, well stuffed with straw, on which the saddle is placed. 

A saddle, wherchy the girths can be attached. 

A breast-piece and crapper, to prevent the saddle from shifting forwards or 
back wards. 

The back-hands for upholding the shafts. 

The breechings, houking on to the shaft, to back against when going down a 
slope. 

The stirrups for the driver’s feet. 
It will be noticed that the elephant pulls from the girth, to which, by a 


hook, the dranght and shaft-chains are attached. See Plate I. 


The weight of — Cwt, Qrs. Lbae 
The pair of shafts,  .. ce ee oo 2° °F 8 
The shaft-elephant harness, Se a - 4 3 4 

» leader ‘s es we o 4 UO 26 
Total, - 11 #1210 


The skin of an elephant is very thick, yet extremely sensitive, aud 
easily worked into sores. 
For these reasons, elephants are never branded.* 


Brom “ Thirteen years with the Wild Beusts of India,” by Sanderson. 

The height to which elephants attain is greatly exaggerated ; out of 
hundreds of tame and newly-caught elephants in Southern India, in 
Bengal, in other parts of India, and in Burma, only one reached a 
height of 91% feet at the shoulder. This clephant belonged to the 
Madras Commissariat Stud at Honsur. 

There is little doubt that there is not an clephant measuring 10 feet 
in height in India. 

An elephant’s height is almost exactly twice the girth of his foot. 

The African elephant is, according to Sir Samuel Baker, one foot 
taller than the Asiatic. See Plate I. 


It is probable that the elephant lives— 


in a wild state to an age of 150 years. 
> tame ‘5 ‘3 80 to 120 years. 


The proper management of the elephants attached to the Military and 
other departments in India is a subject of much importance. 


All clephantrattendants are guided in their conduct by two great principles : 
* Sce tablo, page 
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(1). To spare themselves work. 
(2). And to make as much as they can oat of their elephants’ rations. 

They should hobble the animals easily, and turn them out to graze and stretch 
their limbs till wanted. When there are fields near, one attendant can accompany 
the elephant to prevent its doing damage. 

If the elephant has to bring in its own fodder, it should do so in the cool hours of 
the morning and evening. 

All ailments to which elephants are subject, are directly, or indirectly, caused by 
insufficient feeding. Under-fed they become weak and unable to stand exposure ; 
cannot perform their work ; and are exposed to sun-stroke and sore-back. 

In a wild state, the elephant goes to no excess in any of its habits ; and there is 
no reason, save bad feeding, why the rate of mortality should be so high as it un- 
happily is among the Government elephants in India. The actual work they have 
to perform is seldom arduous enough to affect the health. 


The amount of fodder required is much greater than is usually sup- 
posed. The following table shows the daily Government allowance :— 


COLERARATIRD eiaaae aaa NN Aes REET EY EL IGE PELE SLATE LL EE OT EDEL LEED TE ELE ILLS TELLER EPIL LOPLI ALLTEL LEAT EBITD EOD ESE CEST LT NE ENTE SI 


Bengal, ! Madras. 


Ibs. ; Ibs. 
Green fodder, grasses, sugar-cane, branches, oe oe os 400 250 
Or in tien of the above, dry todder stalks of cut green, a 240) 12h 








But, by numerous experiments, it has been found that a full-grown elephant will 
consume in cighteen hours between GOO and 700 ths. of green fodder, exclusive of 
that thrown aside. Before full-sized elephants, the minitum allowanee per diem 
should be 800 Ths. of ereen fodder 5 the fodder must be good, or it will be insufficient, 

As much as an elephant ean bring moon his back may be commdered as his proper 
daily supply. 

In the Bengal Commissariat: Department it has been proved that an elephant will 
eat daily 750 ths. of sugar-caue, which is a more nourishing food thau SOU tbs, of 
ordinary green fodder. 

The following table shows the cost of keeping a female elephant of fall 
size in the Commissariat Departments of Bengal and Madras :— 


| DVN HL, | WAU Me 


RS. A. RS, A. 


Elephant-driver, es « “e 7 7 ae o* 6 UO} 0 

trass-curter, ea a% fe os ee oe we 5 0 6 0 
Uneooked rice, Wa a ee es ee me oe | *8 71 f25 OV 
Allowance for medicines, .. ee as ae a ee 0 13 2 0 
Fodder allowance, .. ee oe es ee oe eo | J3 12 6 0 


1 iii oaecettaoe coma 


Total per mensem, oo | 24 z 48 0 
a a aa) 


* 18 Ibs, of rice, at 64 Ibs. per rupec. 
f 25 Ibe. of rice, at 30 Ibs, per rupere 
+ At 2 annas per diem. 
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The chief fodder of tame elephants should consist of various kinds of grasses, which 
in India, grow to considerable length and thickness, But when these cannot be pro- 
cnred, thes are restricted to leaves and branches of trees, which do not form a natural 
diet. Wild elephants eat sparingly of this fodder, 

When well fed, there is no animal less liable to sickness, 

Blephant-drivers usually tell the age of an clephant tolerably cor- 
rectly — 

A young animal, of full size, or a very old one, cannot be mistaken ; but it re- 
quires much experience to estimate those of middle ace, 

The old elephant is usually in poor condition ; the skin looks shining and shrivel- 
led ; the head is lean and rugeed ; the temples and exes are sunken; the fore-legs, 
instead of bulging out above the knee with muscle, are almost of the same girth 
throughout, 

He brings the foot to the ground after the manner of a plantigrade animal touch- 
ing with the heels first. 

But, in debilitated or middle-aged animals, the above symptoms may be present in 
greater or less degree. 

The elephant’s ear will probably settle the question, In very young elephants, up 
to six or seven years, the top of the car is not turned over asin man, With advane- 
ing years, it laps over, and its lower edve is ragged and torn, 

The clephant is full-grown, but not mature, at 25 years of age; and 
full of vigour CH] OS years. 

An elephant can only walk, or shuffle, at a rate of 15 miles per hour for 
a short distance; can neither trot, canter, nor gallop; does not move 
with the legs on the same side together, but uearly so; can neither jump, 
raise all four feet off the ground, nor make the smallest spring, in height 
or horizontal distance, 

A trench 7 feet wide is impassable to an elephant, although the stride 
of a large one is 64 feet. 

The elephant’s whole character is pervaded by extreme timidity; and 
to this must be ascribed much of the charging when a herd is suddenly 
encountered, 

Real vice is a thing almost unknown. Natives attach less importance 
than Europeans to the temper of clephants; all can be managed by some 
means; and the possession of an unruly animal, if of good figure, is re- 
garded as desirable rather than otherwise. 

If flight at any time be necessary, it should be down the steepest place 
at hand, as elephants fear to trust themselves on a rapid descent at a 
great pace. Up-hill, on the level, or on broken ground, a man would at 
once be overtaken, 
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When a shot is fired at a herd, the whole mass together, shrinking at 
each shot, till the smoke and smell alarm them. 

Doubtless, they believe the noise to be thunder close at hand. 

When elephants are close at hand, in indecision, no one should shout 
to turn them. A charge, by one or more, is almost sure to be made. 

When a herd makes off, it goes at a great pace for a short while, after- 
wards it settles into a fast walk, which is kept up for 10 or 15 miles. 

A female with a young calf is more likely to attack a man than {°,ths 
of the male elephants. 

Sir Samuel Baker considers the elephant savage, wary and revengeful ; 
Sir Emerson Tennent, the reverse. 

Though the elephant has little in his nature that can be called savage 
or revengeful, he is certainly neither imbecile nor incapable. 

If an clephant discover the approach of men at a distance, he almost 
invariably moves off; but should a man suddenly appear within a few 
yards, he will be more likely than any other animal to charge. 


Though excellent swimmers they are occasionally drowned. 

Thus in crossing the Kurnafulie River, 240 feet wide, 30 feet deep, a 
wild tusker, secured to two tame female elephants, sank (probably through 
cramp) dragging the two females after him. All three were drowned : 
the loss was— 


£ 
The tusker, .. ae as oa sa wt oe 600 
Two females, .. ue ee wa ee ay on 600 


Total loss, -- £1,200 


It is rare for the remains of an elephant to be found in the jungles. In 
Ceylon it is believed that elephants about to die resort to a valley in 
Saffragdéni, among the mountains to the east of Adam’s peak. 


Elephants, tame or wild, suffer from an epidemic resembling murrain. 
It attacked the elephants in the Government Stud at Dacca, in Bengal, 
in 1848, and carried off nearly 50 per cent. out of a total of three hun- 
dred. It lasted for ten years— 

The symptoms were breakings ont and gatherings on the throat and legs ; spots on 
the tongue, and running from the eyes. With the cessation of the flow from the eyes 
the animals usually died on the second day after the attack. 

In 1862 an epidemic of this sort carried off large numbers of wild elephants in the 


Chittagong forests ; later the herds in Maisur suffered. 
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The most common ailment amongst elephants is Gaarba’hd, which is of two 
kinds :—~ 

In the dropsical form, the neck, chest, abdomen and legs swell with accumulations 
of water beneath the skin. 

In the wasting Gaarba’hd, the animal falls gradually away to mere skin and bone. 

The disease, in both its forms, is exceedingly fatal ; it occurs chiefly in newly- 
caught animals, induced by the radical change introduced in food and habits. 

Freedom from unnecessary restraint, liberty to graze at will, protection from all 
debilitating causes (such as exposure to sun, or inclement weather) are the best pre- 
ventives and restoratives. Medicine is of little avail; and if the discase becomes 
serious, there ig every probability of a fatal termination. 

Sore-backs, from the chafing of gear, are very tedious to cure. The 
elephant-drivers usually allow the wounds to heal on the surface, while 
mischief is going on within. The best treatment consists of— 


A free use of the knife. 

Care in cleansing the wound. 

The application of turpentine impregnated with camphor. 

The filling of deep burrowing holes in sore backs with tow, stecped in camphor- 


ated turpentine, 
The keeping of a cloth, steeped in Margosa oil, over the wound. 


When elephants require a purgative, they eat a black soil impregnated 
with natron. Purging ensues in twelve to twenty-four hours. 

An elephant becomes foot-sore from working in gravelly or stony soil ; 
does not limp, but gocs more slowly and tenderly. Rest is the best treat- 
ment. 

It is probable that a female elephant may have two calves at a birth* ; 
many wild female clephants are accompanied by two or even three calves 
of different ages. 

Elephants breed once in 23 years; two calves are usually sucking at 
the same time. 

At the time of birth a calf stands 3 feet at the shoulder; its trunk is 
10 inches long ; its weight 200 tbs. Jt lives entirely upon milk till six 
months old, when it eats a little tender grass; it drinks with its mouth. 
The female elephant evinces no peculiar attachment to her offspring. 

The elephant rarely breeds in confinement. This is due to the segre- 
gation of the sexes, to insufficient food, and to hard work. In Burma 
and Siam, they are bred in a semi-wild state. 

In India from an economic view, it would not answer to breed ele- 
phants as before they were of useful age (15 years), they would have cost 


* See page 247, 
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more than would suffice to capture a number of mature wild ones, ready 


for work. 

When an alarm occurs in a herd, the calves immediately vanish under 
their mothers, and are seldom again seen. The mothers help their off- 
spring up steep places with a push behind, and manage to get them 
cleverly over every difficulty. 

Female elephants usually give birth to their first calf at 16 years, some- 
times at 13 or 14. 

The period of gestation is said to be— 

22 months in the case of a male calf. 
18 months - female ,, 

The female elephant may conceive eight or ten months after calving. 

Male clephants of mature age are subject to periodical paroxysms, sup- 
posed to be of a sexual nature. In this state they are said to be “ mast,” 
or mad. 

Fits of mast vary in duration in different animals ; in some they last for a few 
wecks, in others for four or five months. 

In this state they are sometimes violent and intractable ; sometimes drowsy and 
Iethargic. The approach of the mast period is indicated by the flow of an oily matter 
from the small hole in the temple, on cach side of the head, found in all clephants, 
male or female. The temples also swell. 

On the first indications, the elephant should be strongly secured ; if he becomes 
dangerous, food ts thrown to him, and water supplied in a trough pushed within his 
reach. 

Fatal accidents are of common occurrence ; they attack man, or their own specics. 

Some male clephants have these fits at long intervals; some have them regularly. 
They occur in wild individuals, in the cold weather, from November to February. It 
is belicved that the wild (unlike the tame) elephant shows no violence at this period. 
It rarely takes place in animals much below par, or ander 30 years of age, though 


tuskers breed from the age of twenty years. 
The flow of mast seldom occurs in the wild female elephant ; and never in the 


taine. 
The elephant’s chief qualities are— 


Obedience. 
Gentleness, 
Patience, 


Tle is excelled in these by no domestic animal; evinces rarely any ir- 
ritation under circumstances of the greatest discomfort (such as exposure 
to the sun, painful surgical operations); refuses rarely to do that which 
he is required if he understands the nature of the demand, unless it be 
something of which he is afraid; is very timid, both in his wild and 
domesticated state, and is casily excited by anything strange. 
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The elephant is essentially a native’s animal.* The trade of selling 
and buying, his capturing, training and keeping are in natives’ hands. 
Elephants are divided into three classes-— 

Koomeriah or thorough-bred. 
Dwagala or half-bred. 
Mirga or third-rate. 
Whole breeds may consist of Dwasala, but never of Koomeriahs, or 


Mirgas alone. 
The parts of a Koomeriah are— 


Barrel deep and of great girth ; legs short (especially the hind ones) and colossal ; 
the front pair convex on the front side, from the development of muscle; back 
straight and flat, but sloping from shoulder to tail, as a standing elephant must be 
high in front ; head and chest massive, neck thick and short ; trunk broad at the base 
and heavy throughout: hump between the eyes prominent ; cheeks full, eyes full, 
bright and kindly ; hind-quarters square and plump ; the skin rumpled, inclining to 
folds at the root of the tail, and soft ; tail long and well feathered. 

If the face, base of trunk and ears be blotched with cream-coloured markings, the 
animal’s value is enhanced, 

The Dwasala class comprises all those below this standard, not des- 
cending so low as the third class. 

The parts of a Mirga are— 

Legginess, lankiness and weediness ; arched sharp-ridged back, difficult to load and 
liable to galling ; trunk thin, flabby and pendulous ; neck long and lean ; falling off 
behind ; hide thin ; head small ; eve, piggish and restless ; and altogether unthrifty, 
which no feeding improves. 


He is generally fast. 
See Plates 1 and II. 


The tusks of the Asiatic elephants are smaller than those of the 
African. 
Details of the largest known tusk of an Indian elephant are given 








below— * 
Tusk 
Right Left 
Feet. | Inch. | Feet. | Inch. 

Total length, outside curve, os 8 0 8 8 
Length of part onteide socket, or nasal bones, outside 

curve, oe 5 9 I 2 
Length of part inside socket, outside curve, ee 2 8 2 1 
Greatest circumference, - as oe 1 4°9 I 8 
Weight, oe ae ee ee oe fds. 90 Iba. 49 





® Hence the value of information like that given by Abi-l-Fazl. See page 248. 
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The tusks are fairly embedded in sockets of bone, running up to the 
fore-head, and ending at a line drawn from eye to eye; are (save in the 
case of very aged elephants) only solid for a portion of their length, the 
hollow being filled with a fine bloody pulp; are solid in young animals, 
for a portion only of their length outside the gum ; appear at birth and 
are supposed to be permanent. With age the pulp cavity decreases in 
depth, till in old animals it becomes almost obliterated. As a rule, tusks 
show barely one-half of their total length outside the jaw of a living 
animal. Of a large elephant— 


The sockets or nasal bone in length are, .. 1 ft. Gin. tol ft. 9 in. 
The portion hidden by the gum is, o. 1 ft. 4hin. 

An estimate of the calibre of a wild tusker may be gathered by the 
impression of his tusk in the soil. One that will admit five fingers in 
the groove is well worth following. 

The tusks may easily be removed by hand if the beast be left dead for 
ten days. If they be cut out at once, the flesh along the nasal bones up 
to the eye must be removed, and the tusk-cases split with a hatchet; 
they are usually blemished in the process. 

Tusks though not used to assist the elephant in procuring food, are not 
useless appendages, but amongst the most formidable of any weapons 
with which nature has furnished her creatures, and none are used with 
greater address. Small trees are overturned by pushing with the curled 
trunk, or feet, if necessary. To get at the core of a palm-tree; or to 
break up a plantain, the pressure of the foot alone is used. 

In a herd, the tuskers maintain the height of discipline; every indi- 
vidual gives way to them; and, in serious fights amongst themselves, 
one is frequently killed outright. 

Superiority appears to attach to the different tuskers in proportion to 
the size of their tusks; no tusker thinks of serious rivalry with one of 
heavier calibre than himself. 

In the “ khedas” of Mysore, two tame tuskers (taller and with longer 
tusks than any wild ones captured) were sufficient to awe the most obstrep- 
erous wild male, whilst the men secured him. 

The tame elephant’s tusks were cut blunt; but steel glaives were ready 
to slip on; and they could, with these, have killed any elephant ina 
short time. 

In India ‘‘ Mukhnas,” or male elephants born without tusks, are rare. 
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Mukhnas can hardly be distinguished from females; but if full grown, their sap- 
erior size shows their sex. Their tushes are generally a little lJonzer and thicker than 
those of female elephants. They are stouter and more vigorous than tuskers ; are 
generally ill-treated by the tuskers of the herd upon whom they are powerless to re- 
taliate ; and hence are sometimes timid. 

The absence of tusks is an accidental circumstance, as the want of beard or whiskers 
in aman. Mukhnas breed in the herd, and the peculiarity is not transmitted. This 
is a known fact, demonstrated by the occasional occurrence of tuskers (doubtless 


from tnuskless sires) in Ceylon herds. 
In Cevlon a male elephant with tusks is rare. Sir S. Baker says that not more 


than ] in 300 are provided with them. 
In Mysore and Bengal, in 1874-76, out of 140 elephants, (of which 51 were 


males,) only 5 were mukhnas. 
Elephants occasionally lose one tusk (sometimes both) by accidents in 


the jungle; and some have only one tusk at birth. The latter are known 
as Gunesh (the Hindu God of Wisdom); and, are reverenced, if the tusk 
existing be the right band one. 

The Indian female elephant is always born with tushes 4 inches in 
length ontside of the gum; these, while present, are used for stripping 
bark of trees; but they are generally broken off early in life, and are 
never renewed. 

It may be mentioned that elephants’ bones are solid, withont marrow. 

The trunk, a delicate and sensitive organ, never used for rough work, 
is used to procure food and water, and to convey them to the mouth. In 
a dangerous situation, it is curled up; if upraised in attack, it would 
obstruct the animal's sight. 

In carrying a light log, they hold it in the mouth as a dog does a stick, 
balancing it with the trunk. 

Tuskers use their tusk for this and similar purposes, and are conse- 
quently more valuable than females. 

An elephant pushes with the base of the trunk, one foot below the eye. 

The trunk is rarely used for striking. Newly-caught elephants curl 
their tranks and rush at the intruder. 

In drinking, only fifteen inches of the end of the trunk are filled with 
water at a time. 

The trunk of a wild elephant is occasionally cut by the sharp edges of 
split bamboos while feeding. 

When an accident happens, which prevents him from using his trunk 
for procuring water, he drinks by wading into deep water and immersing 


hig mouth. 
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An elephant is taught to trumpet by the extremity of his trunk being 
tightly grasped between the hands, when he is obliged to breathe through 
the mouth, in doing which he makes a loud sonorous sound.* 


The clephants at the elephant depét (pil-khdna), at Dacca, are better 
trained than those in Southern India. 

The pil-khana covers a quarter of a mile; it consists of an intrenched 
quadrangular ground in which the elephant’s pickets are arranged in 
rows. At each picket is a masonry flooring with post at the head and 
foot to which the animals are secured. Ina shed many hundred feet 
long running along one side, the elephants are kept during the heat of 
the day. 


There are— 


A hospital for sick elephants. 
Houses for gear. 

A room for the Native Doctor. 
A shelter for howdahs, 


The annual captures— 


Between 1836-1839, were 69. 
» 1869-1876 ,, 59. 


The hunting season is from December to April, and the training season, 
from May to November. 
In India the wild elephant enjoys perfect immunity— 


Throughout the Western Ghats, 

In the jungles at the foot of the Himalayas, 
In Burma, 

In Siam. 


The number annually caught is very small. In Southern India ele- 


* Mr. Sanderson seems to doubt whether there ia such an animal as a white elephant. 
In the Sikandar. nima, by the Persian poet Shaikh Nizami, A.D. 1181 (translated by Wilberforce 
Clarke), Discourse 58, couplet 21, we have :— 


t* The King (Sikandar), robust of body, possessed of a thousand hopes. 
a : ? Ktawed } eS Bound his loins on the back of a white elephant. 


See also page 245 of this Note. 
The tenderness of the elephant’s foot was well known to the Persians, In the Sikandar-ndma, Dis- 


course 45, couplet 60, we have :— 


Uae ayAS 2k) gt lS 925 rstond of contest with him, T will choose departure ; 


Jas st ) s& Pe 3 ej aj «At the elephant's foot, I cast not this “‘dabba.” 
aey e 7 ee - 


The “dabba"” was a leathern bag filled with gravel which they used to strike upon the elephant's 
feet (the most tender part of his body) to make him furioue. 
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phants have become so numerous of Jate years, that the rifle will have 
to be again called into requisition to protect the peasants from their 
depredations. 
In Ceylon and in Africa, the elephant has greatly decreased in numbers.* 
The full strength of the elephant-establishment in the Lower Com- 
missariat Circle of Bengal is 1,000: of these, the casualties in the year 
1874-75 were as follows :— 


Falling in traps, .. oe es oe oe or oo =i 
Larza, o ee oe ee ee ae ne o 6 
Stomach-diseases, .. oe oe ie ee s o 6 
Calving, .. ee e» oe ats ee oe oe 8 
Zahbr-bad, .. a ie De ae ae as o. 26 
Fever, oe os oe “ oe oe ae oe 4 
Injuries, .. os wa ee oe ee oe - 4 
Brain congestion, .. a - os es ws o tL 
Apoplexy, .. oe ee oe ite ee ws ee Il 
Dysentery, .. oo oe oe oe ee oe - 8 
Colic, ee oe ee oo ae ee oe oe 3 
Vomiting, .. ee oF ae oe oe oe eo 1 
Inflammation of lungs or bowels, ae oe a o @6€6—@C6 
Escaped, .. ‘ie oe a oe ee oe o 6 
Internal diseases, .. ee a ee ee ae eo 1S 
Debility, .. ie ee ee ve oe oe .- (13 
Drowned, .. oe és oe oe ee oe o «€6¢C6 
Cold, oe oe is as 6 oe or oe 1 
Destroyed, .. oe ee a oe - ee oe il 
Total Casualties, e+ 114 or 11-4 
per cent. 


The wild elephant’s attack is one of the noblest sights of the chase— 


The cocked ears and forehead present an immense frontage ; the head is held high 
with the trunk curled between the tusks, ready to be uncoiled at the moment of at- 
tack ; the massive fore-legs come down with the force and regularity of ponderous 


machinery. 
The trunk being curled and unable to emit any sound, the attack, after the pre- 


monitory shriek, is made in silence. 
In herds, the rear-guard should be examined for tuskers, as they sel- 


dom go in front. The most ordinary precaution will enable a sportsman 
to move to within a few yards of them, if in cover, so long as they keep 
the wind. Itis seldom that they cannot be approached to within 10 yards. 

A tusker rarely undertakes to cover the retreat of a herd, but takes a 
line of his own when danger threatens. 


* It is much to be desired that, asin India, means should be taken to preserve this valuable 
in Ceylon and Africa. 
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The alarm of man’s presence is usually communicated by the elephant 
that discovers it by a peculiar short shriek, which can be distinguished 
from all other sounds. 

If hard pressed, females with calves will turn upon their pursuers. 
The stampede of a herd is overwhelming ; amidst the crushing of bam- 
boos and tearing down of creepers from high trees, it is for a moment 
impossible to say which way they are making. The best thing is to 
stand still against a tree, or bambooclump. Elephants are poor-sighted, 
and so intent on making off when startled, that one may be brushed by 
them without being discovered. 

In the case of a dead elephant, the carcase swells to an enormous 
size; the legs on the uppermost side become stiff and project horizon- 
tally. Many hundreds of vultures collect on trees or fight for a seat on 
the carcase, awaiting the time when they can make a commencement. 

At the end of six days, when the carcase bursts and collapses with 
rottenness, it is crawling with millions of maggots and white-washed 
with the droppings of the filthy birds. 

The spot resounds with the buzzing of flies, and the stench is so great 
as to be perceivable half a mile to leeward. 

In a few bours, the vultures reduce the carcase to a pile of bones and 
a heap of indigested grass. 

When the birds have left, the whole neighbourhood is pervaded with 
the pungent odour of guano; and the site of their feast is trampled into 
a puddle by their feet. 

Wild hogs not unfrequently feed upon the carcase; and it is not un- 
likely (as stated by the natives) that tigers also do. 

The foot of the elephant makes an excellent foot-stool; the round 
fore-feet are better than the oval hind. 

The foot should be cut off a few inches below the knees; be freed of 
the bones and flesh; be well rubbed inside and outside with arsenical 
soap and folded away for packing; be softened in hot water after the 
sportsman’s return to head-quarters, and rubbed with arsenical soap ; 
and be placed, filled with sand, in the sun, all loss by shrinking being 
prevented by frequent ramming. When thoroughly hard and dry, the 
sand must be removed, the feet stuffed with coir; the nails scraped till 
white, and the skin covered with lamp-black. 

Both skin and nails should then be varnished, and the top of the foot 
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covered with panther’s skin secured round the edge with large-headed 
brass or silver nails. 

Small feet—with a tray inside, and s mahogany or silver lid surmonnt- 
ed by a small silver elephant to lift it off by—make good cheroot-boxes. 
They will serve also as inkstands, ladies’ boxes, &c. 


From Emerson Tennent’s “ Ceylon,” Vol. 2, Part 8. 


The economy of maintaining a stud of elephants for the purposes to 
which they are assigned in Ceylon is questionable. In wild parts of the 
country, where rivers have to be forded and forests are only traversed by 
jungle-paths, their labour is of value. But, in more highly civilized dis- 
tricts, and wherever macadamized roads admit of the employment of 
horses and oxen, the services of elephants might gradually be dispensed 
with. 

The love of the elephant for coolness and shade renders him impatient 
of work in the sun, and every moment of leisure he can snatch is em- 
ployed in covering his back with dust, or fanning himself to diminish the 
annoyance of insects and heat. From the tenderness of his skin and its 
liability to sores, the labour in which he can most advantageously be 
employed is that of draught; but the reluctance of horses to meet or 
pass elephants renders it difficult to work the latter with safety on fre- 
quented roads. Besides, where the full load of which an elephant is 
capable of drawing, to be placed upon a wagon, the injury to roads and 
bridges would be great; and, by limiting the weight to 1} tons, it is 
doubtful whether an elephant performs so much more work than a horse 
as to compensate for the greater cost of its fecding and attendance. 

From ulcerated abrasions of the skin and illness of many kinds, the 
elephant is so often invalided that the actual cost of his labour, when at 
work, is greatly enhanced. 

The expenses of an elephant (excluding the salaries of higher officers 
and permanent charges, but including the wages of three attendants and 
cost of his food and medicine), varies from 3 to 44 shillings per diem, 
according to his size and class. 

If he be employed (as is usual) four days out of seven, the charge 
per diem would be 64 shillings. The cost of a dray horse could not 
exceed 24 shillings, and two would do more work than an elephant under 
the present system. 
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As a beast of burden, he is unsatisfactory, for it is difficult to pack 
any weight without causing abrasions that afterwards ulcerate. His skin 
is easily chafed, in wet weather, by harness ; his feet during long draughts, 
or too much moisture, are liable to sores, which render him non-effective for 
months; his eyes are liable to frequent inflammation, in the relieving of 
which native elephant doctors are happily skilled; whether wild or tame, 
he suffers severely in times of murrain, and is, on being first put to work, 
liable to severe and often fatal swellings of the jaw and abdomen. 


Between 1831 and 1856 240 elephants died. The following table 
gives details of 138 of these :— 








Lriration of Capture i years, Sexe 
No. 

From To Male, Female. 
1 ses G2 29 43 
1 2 14 6 9 
2 3 8 5 3 
3 4 8 3 5 
4 5 3 2 1 
5 6 2 2 see 
G 7 3 1 2 
7 8 5 2 3 
8 9) 5 5 was 
9 10 2 2 ae’ 

10 11 2 2 re 
V1 12 3 ] 2 
y2 13 3 wa 3 
i 14 3 1 2 
14 15 1 1 one 
15 16 1 sag 1 
16 17 ooe oes eos 
17 18 2 1 J 
18 19 1 1 1 
19 20 

Total, eee 138 62 46 


The elephant’s obcdience to his keeper is the result of affection and of 
fear. 

If the attendant’s eye be withdrawn, the moment he has done the thing 
immediately in hand, he will stroll away to browse, or to fan himself. 


Te is guided by what is called. oes An EM 


Lendee in Ceylon. 
Gaj-bag ; Gnkus ; avkis in Bengal. 
Cuspis in Latin. 
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The most vicious and troublesome elephants to tame and the most 
worthless when tamed, are those distinguished by a thin trunk and flabby 
pendulous ears. 

The period of tuition does not depend upon the bulk; some of the 
smallest give the greatest trouble; the males are generally more nnman- 
ageable than the females; those most obstinate and violent at first are 
the soonest subducd; those sullen and morose are rarely to be trusted in 
after-life. 

The elephant of Africa was tamed, but not to the same degree as the 
animals of India, by the Carthaginians.* 

The elephant particularly dislikes the sound of dah! dah! 

The perfection of form consists in— 


Softness of the skin ; red colour of the month and tongue ; forehead expanded and 
hollow ; ears large and rectangular ; trunk broad at the root and blotched with pink 
in front ; eyes bright and kindly ; cheeks large ; neck full ; back level ; chest square ; 
fore-legs short convex in front ; hind-quarter plump ; and five nails on each foot, all 
smooth, polished and round. 

Such an elephant cannot be discovered among thousands. 

The colour of the animal’s skin in a state of nature is of a lighter 
brown than when in captivity. This is due to care in bathing and in 
rubbing their skins with a soft stone, a lump of burnt clay, or the coarse 
husk of a cocoanut. 

The export of clephants from Ceylon to India has been going on since 
the first Punic war. 

There are few places where man can go that an elephant cannot follow,— 
provided there be space to admit his bulk, and solidity to withstand his 
weight. 

It is to the structure of the knee-joint that the elephant is indebted 
for his singular facility in ascending and descending steep acclivities, 
climbing rocks, traversing precipitous ledges where even a mule dare not 
venture. 

The spoor of an elephant was in 1840, found on Adam's peak, 7,420 
feet in height, on a pinnacle which pilgrims with difficulty climb. 

The range of vision is circumscribed ; he relies on his powers of hearing 
and smelling, which are very acute. 


® At the present time, it is believed that there is not a single tame African elephant in the world. 

The Jndian Daily News of the 7th May 1879 saya :—The British Indian Company's Steamor ‘' Chin- 
sura’’ is being fitted for the reception of four elephants, which are to be shipped from Bombay to 
Zanzibar for the use of the expedition to Central Africa started by the King of the Belgians. 
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The sounds which he makes are of three kinds— 


The first, blowing through the trunk, indicative of pleasure. 
The second, produced by the mouth, expressive of want. 
The third, proceeding from the throat, a terrific roar of anger. 

In captivity, when standing at rest, some elephants move the head 
monotonously in a circle, or from right to left and swing their feet back- 
wards and forwards ; others flap their ears, swing themselves from side to 
side, and rise and sink by alternately bending and straightening the fore- 
knee. In short, their temperament is fidgetty. 

During thunderstorms, wild elephants hasten from the forests to open 
ground, where they remain till the lightning ceases. 

Even when charging, an elephant will hesitate crossing an intervening 
hedge, but will seek for an opening. Ficlds enclosed with fences of sticks 
—1 inch in diameter and 5 to 6 feet in height—are safe from his inroad. 

In the dry beds of rivers, elephants scoop out the sand to the depth 
of 4 or 5 feet to obtain water; une side of the pool forms a shelving 
approach so that they can reach the water easily. 

The rogue, or solitary, elephant is supposed to be a wild elephant who 
has by accident become separated from his own herd, or a tame one who 
has escaped. 

Although two rogues may be in the same vicinity, they do not asso- 
ciate; the rogue is supposed to be always of the male sex. 

From their closer contact with man, these outcasts become disabused 
of many of the terrors which render the ordinary elephant timid. 


From the revised Memorandum of Instructions regurding care and keep 
of Elephants, by the Commissary Ceneral, Bengal. 


Elephants (average weight, full size, 5,740 Ibs.) should be laden and unladen ex- 
peditiously ; should not be kept kneeling or standing ; should not be overloaded, or 
employed for purposes other than those for which supplied. 

After a march, the animal should stand for a while with the pad on to cool; when 
it is removed, hot watcr and salt should be rubbed into the back ; after travelling 
over rough and stony ground, chobe should be applied to the feet. Six hours’ work 
in the cool of the morning is a good day’s work. Elephants should be bathed twice a 
day when halting, and be weil rubbed down while in the water ; should not be bathed 
when infested with worms (Naga) ; should be watered twice a day, from wells or 
running streams, when cool ; should be sent for fodder one hour after arrival in camp; 
should be watered on bringing in their fodder, picketed under trees (or with jhals in 
the sun) with their day’s fodder before them, paraded at 6 or 7 P.M., to eat their flour 
or rice cake, after the afternoon bath, and then picketed (if possible on open ground, 
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with their vight’s allowance of fodder before them ; should, in the cold season always 
wear jhals when standing ; should not be picketed by the fore-foot unless necessary ; 
and should be daily examined as to the feet, for injury from treading on bonca, 
thorns, or burnt grass, &c. 

Tree fudder is heating and should be given in the rains only ; plantain trees should 
be cut in picees 1 foot in length. 

Fodder, weighed, should be always before the animals. The daily allowance is 410 
lbs. green, or 246 Ibs. dry. 

Flour should be inspected, weighed, cooked and given at once to the animals to 
avoid pilfering ; cight sirs of rice flour should weigh 10 sirs 4 chhataks when cooked, 

Rice should be given, in small quantities, ticd up in straw, by the hand. 

Neither flour, nor rice, should be given when elephants cut carth to expel worms.* 

Fodder and coarse flour are to be given by the gumashta (clerk) ; masdlih (spices 
or drugs) by the Executive Commissariat Officer, 

Elephants should be taken off duty if they show any signs of iHness; and, when 
galled, made over to the nearest Commissariat Oflicer with a report as to the cause 
of the injury. 

Elephant-drivers failing to report tho slightest signs of galls should be severely 
punished. The backs are to be daily examined and—if the back be swollen or bear 
the appearance of abrasion—camels and carts are to be employed in the following 
proportion :— 

3 Camels = 8 or 4 Bullock carts = 1 Elephant. 

Pads should be kept well filled, and inspected daily ; and the gaddi filled with 
eoarse shold (pith) instead of grass, as it is cooler, lighter, and less absorbent. All 
over Lower Bengal, shol4 is obtainable. 

Elephant-drivers should be reported for ill-treating or neglecting their animals, for 
making a noise to prevent their sleeping, for allowing them to leave their pickets 
under coolies, and for giving drugs (masélih). They are not allowed to sit upon the 
bapgage (as they then use a long spear), to cut fodder from trees near villages, sacred 
places, or fields, nor to use the gaj-biig, save where in charge of “mast” animals. 


In the case of Civil Departments, elephants— 


(a) are to be applied for only when no other suitable carriage is available ; 

(+) are not to be taken 50 miles from their stations ; 

(«) are to be made good, at the cost of the Civil Department by which they 
were employed, when returned injured, or out of condition ; 

(d) are to be lent only when of good temper. 


Each elephant should be provided with :— 


Weight. 
1 Bandhan vee eee Of BITS. 
1 Beri (anklets) wes oe 22 yy {ctters. 
1 Phang (novse) vee ow 14 =~, 


All “mast” elephants, when going to feed, to water, or on duty, 
should wear fetters. Gear and fetters should be inspected at muster and 
weekly parades.t 


* Sec pages 253, 258, 284 and 258. 
4 The gear appears to be the same as that given on page 251. The pir is equal to 2 Ibu, 
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Elephants will receive, when “mast,” half rations of coarse flour or 
rice, the cost of the difference being laid out in green fodder; when eating 
earth (for worms), none.* 

Jn crossing rivers, an unloaded elenhant should act as pioneer; any in 
a heated stute should not be allowed to cross. If he gets iu.to quicksand, 
give branches and water to loosen the sand, 

The tusks should be cut at a distance from the lip equal to that from 
the eye tu the lip. In young animals, this distance is insufficient. It the 
medullary pulp be reached, it bleeds after the operation, and the tusks 
split and decay. If the whole tusk split up to the root, cut off where it 
touches the gum. Tusks that ure cut should be protected with brass 
(not iron) rings. 

The general appearance should be as follows :— 


A good elephant shou!d have short and stout limbs, the shoulder somewhat higher 
than the rump; back short and somewhat bowed, or, as it is termed, hog-backed.f 
When properly fed, sach elephants become rapidly round-sided, and retain their con- 
dition well. M!lephants with long, high-ridgcd, straight backs are not so strong as 
those above noted, neither do ihey keep their condition so well, and in work their 
flesh soun falls away from the back-bone, leaving it exposed and very liable to rub 
into sores from the friction of the loads. 

The trunk shoul! be long and well stretched ; the extremity of the tail large and 
bushy ; the ears large and constantly in motion. 

Nails and feet.—Mauke the animal lic down, and examine the toe-nails most. care- 
fully; if splits of any kind be discoverable in the nails, the animal should be rejected. 
Tap the foot all over the sole with the point of a walking-stick, to discover tender 
sores, 

The lower part of the foot and above the nails should be free from any rengh, 
or scaly, pieces of flush, which are very troublesome in wet weather, aud likely to 
get into sores, ‘The natives call it “ chajoon.” These supertluiues should be pared 
off. Pi 

Artion.—In examining an clephant, make your own muahawat (elephant-driver) 
urge him to bis fullest speed. Detecets of lameness, &e, ave tar more readily discov. 
ered whea the animal moves rapidly, activity of stepping is a good sipn, and free 
action from the shoulder with the tout firmly planted, and no heavy rolling of the 
body ; the lntter would indicate that the elephant has been made to carry loads 
heavier than he ought to bear. 

Three years is the earliest that an elephant should be purchased after his first 
seizure. 

Klephants up to 4) years are at the very best age for purchase ; they will do good 
work to 80 years of aye and upwards, 


® Seo pages 253, 258, 280 and 288, 
¢ Bee pages 270 and 273. This is at variance with the descriptions there given. 
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Some would determine the age from the concavity of the palate ; this is no safe 
test. The palate of the male elephant, as it ages, grows hollower ; but, that of the 
female does not change much, remaining nearly flat. 

A more certain method is to judge hy the overturning of the upper lap of the err. 
When tarned down about one inch, the elephant is supposed to be about 30 years old ; 
from one inch to two inches, ranging from 30 to 60 ; and above twu inches old. 

The male is the strongest animal, but owing to his becoming annually “ mast” 
after he has arrived at full growth, the feinale is generally preferred. The usual 
season for the male to become “mast ” is for three months during the rainy season. 


The following points should be noticed— 

Cleanliness of the stable, 

asa* clephants, eating rationsf are purged to death, and should not be bathed. 

Sores arising from ropes are cnred by chiknimitti (potter’s carth), leather stomach- 
protectors under the ropes, which chafe the belly, are recommended ; injection pumps 
are useful as syringes for washing out sinnses. 

Dropsy, zahr-bad, Symptoms —Glandular swellings behind the ear, under the throat 
in the groin, or between either hind or fore-legs ; eyes become dull ; trunk shrivelled; 
urine very red = Treatment—Bleed 4th. behind the ear; apply a stiong blister of 
common blistering ointment mixed with sulphuric acid (1 drachm to the oz.), well 
rubbed into parts affected. Tf the swelling fails downwards, the animal will recover, 
but the swelling in its downward coarse must be followed by the blister antil it final- 
Iv disappears, If belind the car, it yenerally falls down the jaw, and disappears at 
the lip. If between the legs, it generslly disappears at the knee-joint. If, instead of 
falling, the disease should spread, it will cause the death of the elephant, on the third 


dny. 
Or adopt the following :— 


I. Blister the affected part three times, the first day, with Spanish flies (canthar- 
ides); and make a mixture as follows :— 
3 oz. iodine. 
1) ,, Spirits of turpentine. 
5 ,, camphor. 

Add the iodine to the turpentine until it is dissolved ; and the camphor broken up 
verv fine to the other two. This mixture should be applied (to the parts blistered) 
with a acrubbing-brush. 

IL In ordinary zahr-had, dropsy, caused by too much green food, tap the animal 
at once ; and keep the tap open. 

JIL Sukha, or dry zahr-bad, the resnit of neglect, want of cleanliness, over-work 
and irregular feeding. Symptums—Animal pines away to a skeleton, becomes 
speckled, assumes a shiny grey colour, and tries to scratch itself on the legs. reat. 
meut-—The animal is to be washed twice a day in clean water, well dried, and rubbed 
well with tillee oil (petroleum. when procurable) three times a week. The skin is in 
a verv tender state, and should be protected from the sun, which will crack it; and 
from the rain, which will rot the scurf skin, aud produce a state of intense rawness, 


® The term naga, I imagine, comes from nag, a snake; naga will then mean wormy. 
+ Bee pages 253, 258, 280 and 248. 
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From Diseases of the Elephant by Major Hawkes. 


In this treatise, the supposed remedies for the diseases of elephants are 
clearly laid down; it is foreign to the purpose of this note to insert it; 
and extracts would be of little service. 

In a different sense, the same remark applies to the Treatise on the 
Comparative Anatomy of the Indian Elephant; and to Colonel Couke’s 
Aide-Memoire. 


From a practical memoir of the history and treatment of the diseases of 
the elephant, by Assistant Surgeon W. Gilchrist. 


Of a female elephant the dimensions of which were— 


Ft. In. 
Height, oe oe es os es 7 € 
Length from top of forehead to insertion of tail, .. 10 1 
Round abdomen, ‘Je “ - »- 218 8 
Length of small intestines, oe ee -- 68 0 
. large, a ss .. 88 8B 


The weight of the parts were— 
Cwt. Qrs. Lbs, 


Head, including trunk, weighing 164}bs., .. -» 4 O 22 
Left fore-leg, ,. oe ve ee o 2 2 265 
Right yy .. Zs a “ «. 2 2 44 
*Left shoulder, “xe es ee ee O 8 18 
*Ripht 4, o« ee os oe - 1 0 7 
Left hind-leg,.. ee ee oe « 2 2 71 
Right ,,  «. os ae os ee 2 8 0 
*Left ribs, os os os os «- Ll 1 20h 
*Right ribs, .. ee oe ee -- 2 O 26 
Loins and part of buttock, - oe - 3 O 16 
Pelvis, es oe os ba « 8&8 1 19} 
Neck, ee i ee oe eo O 8 18 
Breast-bone, . ee as ee es O 3 9 
Weight of carcase, -» 28 38 10 
Heart, oe ws oe ox . O L 14 
Legs and diaphragm, .. oe os - O 8 14 
Kidneys, es os oe os - O O 16 
Intestines (small and large bowel), on o 2 1 28 
Liver, oe oe oe oe oo O 2 203 
Spleen, ee os ee oe ee OQ 0 44 . 
Stomach, ee oe ee ee ee Q 8 12 
Weight of carcase and organs, o 84 Ll 2 
Dung, we oe oe ee - 2 1 8 
Water in bowels in cavity of abdomen, .. - 2 1 18 
Grand Total, « 89 O 1 





® How are these differences reconciled ? 
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The skin varies in thickness from #-inch to 1 inch about loins and 
buttocks. 

This weight approximates to that fixed in the Commissariat Depart- 
meni as the average weight of an elephant— 


Tons. Cwt. Qrs. Lbs. 
2 10 Lt 22 


The testicles are contained within the abdomen, near the kidneys ; 
castration is consequently impossible.* 

Bleeding is best performed by partially, longitudinally, incising the 
arterial trunk on the back of both ears, when the animal is in a lying 
posture; it may also be effecte? from a vein in either of the hind-legs, 
or above the under-part of the sides of the abdomen. The jugular vein 
is four inches beneath the surface. 


gallon. Ths. 
An ordinary bleeding amounts to 1 of blood == 10 
A full lj ss = 15 
The pulse of the elephant is— 
44 beats per minute, in health. 
90 to 100 —,, » disease (generally). 


70to 8&0 ,, » fever. 
The teeth are eight in number, fourin each jaw; at 70 years of age the 
front side teeth fall out. 
Inflammation of the cellular membrane may be brought about by goad- 
ing the animal on the forehead (instead of behind the ear) by the ankis. 
For hardening the feet for travelling over rough ground, the two fol- 
lowing recipest are given, either of which may be used :— 


No. 1. No. 2, 

Wax, any quantity. Chirkin 7 

Chana " Mahpul 

Mangal 5 | Tinya Ulde 

Hone ‘ Uldha : 

Driereiecs of any animal. Kuttha Fond LOREEN ot EReDs 
Geti Supari 
Mohar 
Shaoth 


* Bee also~ Evolution of Man, by Ernst Haeckell, 1879, Vol 2, page 420. 
¢ Sergeant Russell, Commissariat Department, saya that the bust mixture is— 


Sira. 
Ktockholm tar, ... ae ete mi oe 
Hog’s lard, aoe oad aes we I 
Resin, 1. oe or sed -» §\ Mix hot, wash the feet, apply every night. 
Venice turpentine, oot see ste 
Boee wax, ove ave ee ae 3 
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The cost is 12 annas per elephant. 
The elephant’s head and forchead should be defended from the sun by 
a white covering of spongy nature. The toe diseases— 
Agin bao, 
bao ka marz, otherwise dagh ka marz, or pipsar ka marz, 
are engendered directly by exposure to the sun. 
When suffering from worms, an elephant eats 20 to 24 bbs. of silice- 


ous earth; purgation follows in twelve hours; wormy are then passed 


dead. 
It appears that there is nothing saline in its nature; and that the effect 


is produced mechanically on a certain state of the alimentary canal.* 


By Act VI of 1879, published in the “ Gazette of India” of the 19th April 

1879, Part LV, page 130, wild elephants in India are p: eserved. 

No one shall kill, injure, or capture any wild elephant unless— 

(1) in defence ; 

(2) when such elephant is found injuring houses or cultivation, in the vicinity 
of any main road, railway or canal ; 

(3) as pernntted by license under this Act, 

Every clephaut captured, and the tusks of every elephant killed (in contravention 
of this Act), shall be the property of Government. 

The Collector, or Deputy Commissioner, may, ander this Act, grant licenses to kill 
and capture ; but the license shall not authorise trespass, The Local Govern- 
ment may, subject to the control of the Governor Gencral in Council, make 
rules nuder this Act. 

Whoever transyresses the condition of this Act shall be punished with a maximum 
fine of ks 510 for each elephant ; whoever breuks a condition of a license, with 
a maximum tine of Ns. 500 and forfeiture of license, 

Any one convicted of a second offence, shall be punished with imprisonment which 
may extend to six months ; or with fine or with both, 


Caucurra: ’ 


Srd April 1879. 


» Bee pages 253, 258, 380 and 284. 
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Rerort on THe TRANSporTInG or ELeraants BY RAILway. 


In its telegram No. 3997R. of the 27th September 1878, the Govern- 
ment of India desired that nine elephants, for the couveyance of a heavy 
battery from Morar to the North-Western Frontier, should be sent from 
Dholepur to Multan. 

In October 1878, an experiment as to the possibility of carrying an 
elephant by railway was partly carried out at the Howrah station of the 
East Indian Railway. 

As shown in Plate IV., a cattle-wagon was prepared, and an elephant 
of 74 feet stature carried in it for a distance of 14 miles. 

In the first instance, the beams were simply bolted together; but, on 
its being found that the bolts were bent by the pressure exercised by the 
animal, they were notched as well as bolted. This arrangement served 
well. ‘The animal exhibited terror by bellowing; and, on passing under 
the Howrah overbridge, endeavoured vainly to seize it. his cireum- 
stance suggested the need of a roof, which was at once put over that 
part of the wagon where was the elephant’s head. 

The parts of the wagon which can be reached with the trunk were 
studded with spikes. The animal is thus prevented from wrenching the 
beams out of their places, 

The experiment, so far as if went, was considered so satisfactory, that 
Major Kinloch, Deputy Assistant Qnartermaster General, in bis letter 
No. 91158. to the Quartermaster General in India, reported— 


“It has been fonnd perfectly practicable to convey clephants in ordinary cattle- 
trucks ; there was absolutely no risk, even when the elephant was startled by the 
whistle of engines purposely sounded quite close. ‘The track was taken under 
bridges, started and stopped abruptly, aud in fact subjected to every test that could 
be thought of. 

“(nce secured, an elephant is absolutely powerless to injure either himself or 
the wagon,” * 


Tun this office letter No. 2814 of the 15th October, I expressed the 
following opinion :— 


“The experiment, so far as it was carried ont, was successful ; but I do not consi- 
der from what was done that it can be concluded that elephants can safely be carried 
by railway. The distance, 14 miles, over which the animal was carried was insaii- 
cient as a test. If, while traversing a distauce of 100 miles, he neither damaged 


# In this Note (pages 291, 292 and 297) it will be seen that the animal was in this way most imper- 
fectly secured ; and, that great risk was run, 
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himself nor the wagon, he might ever after refuse to re-enter his wagon ; and this 
would cause great trouble.” 

In its letter No. 776R. of the 18th February 1879, the Government of 
India desired— 
“that Captain Clarke, R.E., should prepare and submit a report on the proposals for 
carrying elephants by railway iu ordinary cattle-tracks, together with an estimate 
of the cost of alterations.” 


Arrangements were accordingly made with the Commissary General, 
Calcutta, and with the East Indinn Railway, for the carrying out of an 
experiment, at Howrah station, on the Hast Indian Railway. 


On the Ist April 1879, at 7-30 a.s1.— 


Two elephants were brought up to the goods siding near the passenger-station. 
One of the animals refused to enter the wagon ; she knelt down and examined with 
her trunk the under side of the wagon floor ; bellowed, slavered at the mouth, made 
water, circled about the place ; and, in spite of every endeavour, resolutely refused 
to set her foot in the wagon. 


On the same day, the other elephant— 


“Titus,” a small trusker, 7 feet in height, was bronght up to the wagon ; and after 
some persuasion, induced to enter ; but when in, he could not be properly secured with 
the chains, which the elephant-drivers had brought with them. This was due partly 
to the chains not being exactly fitted to the work ; but, chiefly to the stupidity of 
the men. 


It may be noted that, through some accident, no officer, or non-com- 
missioned officer, of the Commissariat Department was present at the 
triel; and consequently failure only could be expected, the men of the 
East Indian Railway not being familiar with the working of these animals. 

This experiment occupied more than three hours, 

On the 2nd April 1879, at 8 a.m.— 


The Assistant Superintendent, Carrisyge and Wagon Department, East Indian 
Railway, 

Captain Patch, Deputy Assistant Commissary General, 

Captain Engledue, R.E., 

Lieutenant Johnstone, R.E., 

A Sergeant of the Commissariat Department, 

Several supernumerary elephant-drivers, 


being present, a second trial of the same two elephants, at the same 
place, was made. 

As on the experiment of the Ist April, the female elephant resolutely refused to 
enter, As there was little time to spare, no great effort was made to persnade her. 


The tusker “ Titus” marched, without hesitation, into the wagon ; but, notwithstund- 
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ing the presence of Captain Patch and the men of the Commissariat Department, 
every effort to secure him properly with chains was in vain. 

The statement made by Major Kinloch, in his letter No. 9115., is 
truly applicable— 

“It is absolutely necessary that the elephant should be secured with as little noise 
and fuss as possible. If men arc properly instructed beforchand, the operation should 
be completed in a few minutes.” 

The elephant was at length removed. This trial lasted more than 


three hours. It was resolved that the wagon should be slightly altered, 
so as to allow of greater latitude in the placing of the beams; and that 
chains wrought in a proper manner should be used. 

On the 7th April, at 6 a.m.— 

Colonel Keer, Assistant Commissary General, Calcutta, 

The Assistant to the Supcrintendent, Carriage and Wagon Department, East In- 
dian Railway, 

Inspector Boseck, Carriage and Wagon Department, East Indian Railway, 

Conductor Russell, Commissariat Department, 

5 elephant-drivers, 

5 men of the Carriage and Wagon Department, East Indian Railway, 
being present, a third trial was made. A set of elephant wagon chains, 
which had been made at my order by the Howrah Foundry Company, 
was used, 

The tusker “Titus” marched with little inducement into the wagon, 
and, so far as the arrangements of the wagon permitted, was secured in 
a period of three hours. 

At 9-5 am. the elephant wagon was attached to No, 49 van goods- 
train, the intention being to take the animal to Burdwan and back. 

But even while the wagon was being shunted to be attached to the 
train, it was seen that the animal was insufficiently secured; and when 
the train began to move off, the animal damaged with his tusks, the 
side of the wagon and ripped off the roof on the left side. 

Though the foot-chains had been pulled as taut as possible, he managed 
to get some slack, and was thus enabled to raise himself partly on his 
hind-legs in a very dangerous position. It was unanimously agreed that 
the animal could not travel in this manner, and the wagon, after going a 
few yards, was detached. 

It was resolved that a chain collar should be made with three chains 
attached to it: two leading to the left and right front corners of the 
wagon, and the third to a ring-bolt fixed in the wagon floor immediately 
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below the head. These three chains, being hanled taut and secured from 

the outside, would prevent the animal from dangerously moving his head. 
On the 14th April 1879, at 7 a.m.— 

the same persons being present as at the third trial, 

a fourth trial took place— 


Two elephants were marched up to the wagon ; both, with relactance, and under 
compulsion, entered the wagon. The larger of the two, a female elephant, “ Han- 
nah” by name, 

74 feet stature. 
24 years a captive. 
2 tons | cwt, 7 fhs. in weight. 
was, after some delay, finally secured in the wagon. 

The elephant wagon was then drawn by a pilot-engine through the 

Howrah yard to the end of the “two-mile siding” and back to the 


goods-shed. 
The composition of the train was— 


Locomotive No. 189, 

5 empty covered goods wagons, 

Elephant-wagon No. 230, a low-sided wagon, 

A brake-van, 
Every locomotive in the yard whistled, in order that the effect of the 
clamour upon the beast might be seen. 

On the arrival of the train at the goods-shed, Howrah, the animal 
was released and taken out; she was then invited to re-enter, which she 
did at once. This experiment was successful; but it was seen that 
there was still a dangerous movement of the legs (in spite of the 4 foot- 
chains), which it was decidedly necessary to restrain. 

It was resolved that a ring-bolt should bo fixed between the fore-feet, 
and another between the hind-feet; and that the chain connecting the 
anklets of a pair of feet should be passed through the ring of each bolt. 
This arrangement would prevent, to any dangerous degree, vertical, or 
horizontal, motion of the feet. 

On the 15th April 1879, at 7-30 s.m.— 


the same persons (save Colonel Keer) as at the fourth trial being present, 


a fifth trial took place— 


The same two elephants were brought up to the wagon ; both without difficulty 
successively entered and came out of the wagon. For the actual trial, the elephant 
“Hannah” was selected and secured in the wagon in about half an hour. 
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At 9-30 a.m. a special train composed as follows :— 


Locomotive No. 270, 
Tender, 

First class carriage No. 860, 
Elephant-wagon No, 230, 
Low-sided wagon No, 499, 
Brake-van No. 168, 


was drawn up. 


It left Howrah at 10-10 a.m. 
» arrived at Chandernagore 10-55 A.M. 
i re Pandooah 11-55 a.m. (38 miles from Howrah). 


The speed between Howrah and Chandernagore (between which places 
no stop was made) was 28 miles per hour, and this rate of speed was 
maintained throughout the journey. Water was thrown over the ele- 
phant’s back at— 

Chandernagore 
Hougbli 

Mugra 
Pandooah 

With as little delay as possible the train left Pandooah and reached 
Howrah at 2 ru. The total distance the animal was thus conveyed by 
rail was 76 miles. 

This fifth trial was entirely successful. 

The lengths and weights of the parts of the elephant-wagon chains are 
as follows :— 


on the way up. 


Fore-feet— 

2 anklets, each 40 inches in circumference, < 

1 chain, connecting the pair of anklets, 14 inches,... 30s seers.* 

2 tethering chains, cach 12 feet in length, eee 

Preciscly the same as for the fore-feet, oc SO 5. * 
Neck gear— 

Collar, 7 fect in circumference, iss eee } a09 

3 chains, each 12 feet long, .-. evs ove 


Total weight of clephant-wagon chain gear, ... 1497 


The chain-collar and anklets should be covered with stout leather and 
padded with jute. 
The chain-gear will be left attached to the elephant-wagon, with which 


* See foot-notes to pages 298 and 299. It would be better to use, in part, the ropes belonging 
to the elephant-gear, Expense will be saved. 
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all these trials have been made, so that the wagon will be complete as a 
model. . 

The cattle-wagon, which has thns, successfully, been converted into an 
elephant-wagon, is marked as follows :-— 


East Indian Railway No. 230, 
Tons, Cwt. Qrs. 


Weight, eee eee ene 6 17 2 
The cost of an elephant-wagon is as follows :— 


Ra. 

The cost of cattleewagon, coe ans eos 1,600 
‘a elephant fittings, ae eae «. 160 

»y wagon chains (gear), és .-- 63 





Total cost of elephant-wagon, ... 1,763 
The time required— 


Days. 
to fit up one wagon would be ous awe one } 
to make the elephant-wagon chains ... tue 2 
if necessary, forty wagons conld be prepared in.. -- =10 


Plate 1V., attached to this report, shows sufficiently plainly the general 
arrangement of the parts of the eclephant-wagon. 
The following changes have been introduced :— 


(a). In place of 8 longitudinal beams on either side of the animal, there are now 
4 beams (only 3 are represented in the Plates); but, I believe 3 are sufficient. 

(3). The breast bar and ridge-pole are free of all spikes. 

(ce). Three ring-bolts have been fixed in the floor : 
one for the centre neck chain. 
one between the fore-feet. 
one between the hind-feet. 

(d). The breast bar may conveniently be fixed, while the hind bar may (without 
being lifted) be made to slide, horizontally, forwards or backwarda ; a stout 
piece of wood should be strongly bolted to the side of the wagon far to the 
rear to serve a8 an abutment ; horizontal distance blocks, kept in position 
hy two bolts through the wagon side, will communicate the stress from the 
hind bar to the abutment-piece. By this arrangement, much labour may be 
saved in shifting the beams. 

There are on the East Indian Railway— 


58 cattle wei 
106 coke 


When travelling, the elephant will certainly need some protection from 
the sun: this may be afforded by— 


which could be converted easily into elephant wagona.* 


* According to the Report of the Superintendent, Carriage and Wagon Department, Rast Indian 
Railway, forthe half-year ending December 1878, page f— 
The cattle and coke wagons are to he rebuilt as covered goods. 
If this be so, early orders are necessary. 
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(a) putting his jhal on his back. 
(3) stretching a tarpaulin over the ridge-pole of the wagon. 


He should also, in hot weather, be washed; and this, in the case of 
a train of elephants, will be somewhat troublesome. At Pandooah it was 
found difficult to get the water from the water-column properly directed 
upon the animal’s back, as the mouth of the crane itself is considerably 
below the level of the elephant’s back, and the hose being short (5 or 
6 feet in length), and torn, most of the water spurted out uselessly in jets 
through the holes in the hose. 

A. piece of sound hose 9 feet in length (carried with the elephant- 
train), which could be attached to the water-column of the Railway 
station where it was proposed to water and wash the animals,—would 
be very effective. 

The elephant’s clothing and all his gear can go with him in his 
wagon; and a certain amount of fodder can also be carried. With the 
beast’s evacuations, and the water which is sluiced over him, it must be 
remembered that the wagon gets into a dirty state. 

To embark a single elephant, or a large number forming a train, par- 
ties of men, each numbering 10, will be required. 

For a train-load two such parties would be required, the composition 
of which would be— 


Five clephant-drivers. 
Five men of the Carriage and Wagon Department. 


With each train should be an intelligent and experienced Sergeant, or 
Warrant Officer, of the Commissariat Department.* 

For the elephants themselves, it would be better that they should 
travel at night; but all things considered, it is safer that they should 
do so by day only, and rest at right; this arrangement will also save 
much trouble as to feeding and watering. 

The elephant “ Hannah” has been & captive only two years. It is 
said that elephants are not fully tamed till they have been three years in 
captivity.t In Upper India, the elephants are caught about Dacca, 
trained in Bengal, and then sent up country. It is thus certain that the 
transporting of elephants, if successful at Calcutta, will be successful 


*If a train of elephants be despatched to the Frontier, I would suggest, with the permission 
of the Commissary General, that Sergeant Rusaell, Commissariat Department, Calcutta, be placed 
in charge, and that he receive Ra. 100 as compensation for the trial, trouble, and responsibility 
Of conveying the animals. 

¢ See page 284 of the Note “ on clephants.’’ 
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everywhere, as the elephants at Calcutta are for the most part imper- 
fectly trained and tamed. 

Elephants belonging to batteries are highly trained, and no difficulty 
need be anticipated as to embarking them generally in trains. 

Male elephants, by reason of their tusks, their superior size, their 
greater boldness, and their liability to getting mast, will probably be 
everywhere more trocblesome to manage, as to embarking, than female 
elephants. 

It would be well if the Commissariat Department were to keep a list 
of all elephants which could easily be transported by rail. At Calcutta, 
the entering a railway wagon, the being secured in it, and disembarking 
from it might form part of the elephant’s training and education. 

It is said, in various books, that the elephant attains a stature mea- 
sured at the shoulder of 10, or 11, feet. 

Mr. Sanderson, the Superintendent of the Kheda at Dacca, however, 
declares that there is probably no elephant in India measuring 10 feet, 
and that the largest that he has seen is 9}-9 feet. 

Considering now the diagram of the cattle-wagon converted into an 
elephant-wagon, it will be seen that (the maximum moving dimensions 
being reached) the height from wagon-floor to under-side of ridge-pole 
is 9 feet only; and that without lowering the wagon-floor, greater height 
cannot be obtained. 

Elephants of limited (not of maximum) stature only can, therefore, 
be carried in cattle trucks. 

It is, however, probable that, in the Commissariat Department, the 
average height is 74 feet only; and, that the maximum stature is rarely 
attained. 

As regards undue oscillation of the elephant-wagon, on account of the 
height of the centre of gravity of the live load above the floor, no ap- 


prehension need be entertained. 
Tona. Owts, Qrs. 


The dead weight of the wagon with fittings is, -~ 6 1F 3B 





Floor chains and anklets, sas ie nas .- O O 8 
Total, . 6 18 1° 
Weight of an elephant 74 fect stature, se oe a 1 7 


oot pees eat 


The actual live load, compared with the dead load, is in ‘this case very 
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small. When the wagon carries 10 tons of grass (as it safely may) the 
centre of gravity would then be as high (as in the case of the elephant), 
while the load carried (instead of being less than) would greatly oxceed 
the dead weight of the wagon. 

Appended to this report is a diagram (not reprinted) of a new form of 
wagon designed specially to carry two elephants, but fitted to carry 
goods generally. 


This desiyn was submitted by the Superintendent, Carriage and Wagon Depart- 
ment, Kast Indian Railway, as it was at one time feared that the transport of ele- 
phants could not be effected in cattle-wagons. 

It will be seen that the floor, like the fire-box of the locomotive, is only 9 inches 
above rail-level. 


It may be observed— 


that the space of 45 feet for the breadth of each elephant is scanty ; that the actual 
height from floor-level to architrave of door-way being 93 feet only, an elephant of 
maximum size could no more enter this than he could an ordinary cattlo-wagon ; 
and that the total length, 10} fcet, is very scanty. 


The back of an elephant is much higher than his shoulder; but his 
head is on the same level as his shoulder.* 

Bearing in mind the remarks in page 296, I see nothing in the con- 
struction of this form of wagon to recommend. It is doubtless more 
costly to build. 

From the working Time-table of the East Indian Railway, the 
weight of a goods train (ruled by the minimum load) between Howrah 
and Delhi is 490 tons. 

A train carrying clephants from Howrah (or any station east of Delhi) 
to the Frontier would be composed as follows :— 


d Tons 
Locomotive, .. oe sia Tu ong 
Tender, oe oe oe Pre (anaes 
wv elephant-wagona, es ee = 10) wt 
1 Composite carriage, oe oe se SS. Te 
1 Brake-van plus load, oe a . = 8 
Total weight tons, 71§ 10h@ 


* A hog-backed elephant, standing 8 feet ot the shoulder, will measure 8§ feet at the higbest 
part of the back. 
Tons Cwt, Qra. 
2 


+ Weight of wagon with fittings, soe ves oo. 6 Ww : 
»  @lephant-wagon chains, on oo. 0 2 2 
* elophant-gear, an tes avo ace =O 11 1g 
»  Glephant (74 foot) stature, ... en see 1 7 


Total, 


or way with attendants and fodder, 10g tons. 
This will aliow for extra weight in the case of a large clephant. 
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Then— 
71§ + 10§ 2 = 400 tons. 
5 ype pane == 31:2 elephants per train. 


It is believed that attempts were made by— 


The Great Indian Peninsula Railway, 
The Scinde, Punjab and Delhi Railway, 


to carry elephants by railway, and that the idea of carrying them was 
abandoned, it being found impossible to induce the animals to lie down in 
the wagon. 

It has been shown in page 296 of this Note, and also by actual trial, 
so far as the height of the centre of gravity is concerned, that there is 
no need to lower it by forcing the elephant into a recumbent posture; 
and further, it may be remarked that an elephant cannot remain in a 
sitting posture for a length of time. 

Mr. G. P. Sanderson, in a demi-official letter of the 12th April 
1879, Camp, Garo Hills, in reply to one written to him about the lst 
April, says— 

The transporting of elephants by Railway is a matter which I have often thonght 
of ; and I venture to think it ought to be carried at all costs to a successful conclu- 
sion, as the power of conveying elephants by rail would enable the Government of 
India to introduce very great economy. Elephants might be greatly reduced in num- 
ber throughout India ; and be kept where fodder was plentiful. 

I have seen the wagon, of which you sent me plans. It seems to me to be well 
suited to the work, except as to the method used for securing the elephant, and as 
regards the hoarding about the elephant’s head. 

I would secure the fore and hind-feet to two ring-bolts let into the wagon-floor.* 
The ropes, with which every elephant is provided, could thus be utilised.f 

The hoarding, I think, is unnecessary ; the effect upon the animal of secing bridges 
and trains should not be considered.f 

An elephant cannot be secured in any other position than standing. Kneeling is 
very irksome, and could not be maintained without extreme suffering and risk of 


damage. 
The wagon-floor should be on a level with that of the platform, or higher, zo¢ toner. 


® Thia was the plan adopted; further, the neck was secured by chains pussing from a collar to a 
third ring-bolt in the floor. (See pages 291 and 292). 

t It would probably be better to nse ropes than chaine, as galling would be lesa likely to occur ; 
besides, expense would be saved. 

~ When the neck ia secured with chains, the hoarding may be unnecessary ; but otherwise not. 
An elephant, with his head free, could seize water columns, &c. The hoarding serves also to pro- 
tect his eyes from dust and sparks; and bis head from the enn’s raya. 
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Litter should be strewn on the wagon-floor. A determincd mah4wat will forcibly 
make an clephant do things which it would not do for others. 

The maximum running height of the wagou appears to be % fect 2) inches, which 
would be ampie for ordinary clephauts. As to females, not L in 50 excecds 8 feet 
at the shoulder.* 

A crane should be employed to hoist any refractory clephants into the wagons. 

There scems to be no reason why 50 clephants should not be started upon a jour- 
ney of any length at a day's notice, from any depot where they may be kept ; they 


need never Icave their wagous en route, and might be kept under shelter during the 
heat of the day.f 


The cost of the trials, relating to the transport of elephants by rail- 
way, now concluded, is as fullows :— 


Rs. 
Fittings of cattle-wagon No. 230, ag ce os a4 160 
Elephant-wagon chains,  .. ‘a aa ae oe ar 63 
ILaulage from Howrah to Pandooah and back, at Rs. 25 per mile, 190 
Bonus to Sergeant Russel and Inspector Boscek, oe ee 100 


Total Rs., oe 513 


Se, 


H. W. C. 


CALcurTa: ) 


loth April 1879. \ 


® This would allow for a hog-backed beast, which would stand &} feet at the centro of the back. 

+ In page 298 it will be seen that only 32 elephants can, in one train, be carricd. Till some 
expericnce has been gaincd in tho transporting of these animals, it would not bo well to journey 
by night.—-H, W. C. 
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EXAMPLES OF SOLID IRON SCREW PILE BRIDGES. 
{ Vide Plate. } 





eee te TI 8 tps gen AF nee 


By Con. C. A. Gooprettow, R.E. 


a ee ed 


Built from 1871 to 1873 on the Bellary-Karwar Road, in the Dharwar 
and Kanara Districts, Bombay Presidency. 


THE general design and construction of these bridges is sufficiently ex- 
plained by the accompanying Plate, but some explanation of details is 
perhaps necessary. 

Sirguppi Bridge-—A temporary bridge merely intended to span the 
very treacherous and muddy bed of the fairweather stream, the piles 
were only 2 inches in diameter; round bar iron fitted into the cut off 
screw bases of the old style of telegraph post socket, in use twenty years 
ago; screwed down by spanners 6 feet long; the piles whilst being 
screwed, being kept in position by means of a guido frame with a plat- 
form, on which the men screwing down worked; the bridge was built in 
just one month, having cost Rs. 3,920, it was opened for traffic in 
October 1871, and was washed away in September 1872; this nullah has 
a fall of 18 feet per mile, and a vezy bad reputation in the country; on 
this occasion it took the bridge, (owing to their being a junction of two 
nullahs just above the bridge, and to the fact that only one of them was in 
flood,) almost longitudinally and completely overthrew it; all the wood- 
work was carried away, but not one pile was drawn, though all were bent 
and some twisted in an extraordinary manner, The resistance this bridge 
made, induced Government to consent to others of full height and strong- 
er construction, but similar in principle, being built on the same road on 
the black soil plain of Dharwar; and two such were built in 1872-73, 
one at Nalowda, 18 miles east of Hubli, and at Budrapur, 18 miles east 
of Hubli. 
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Nalowda Bridge—Twelve spans of 16 feet; piles 24 inches in dia- 
meter ; commenced in June 1872; opened for traffic in April 1873; cost 
Rs. 19,358, or Rs. 100 per foot of waterway. (See Plate). 

Budrapur Bridge.—Ten spans of 16 feet; piles 24 inches diameter ; 
or Rs. 104 per foot of waterway. 

Neither of these bridges were built precisely as designed ; in construc- 
tion the masonry abutments were made of massive granite ashlar, with 
wings, instead of dry stone as originally intended, and the struts (A, A, 
A, and the lower cross braces B, B, B) were added. Also when the piles 
had been screwed down and the bridges were nearly completed, excava- 
tions were made about piles of each pier down to the hard bed of marl, 
into which the piles were screwed, and a wall of concrete was put in round 
the piles. Also for the single fender piles of the original design, were 
substituted triangular fenders, each formed of three teak spars joined by 
cross-bars and buried in a concrete foundation; it is doubtful if these 
alterations, whilst adding to the cost of bridges, were improvements; the 
fall of the Nalowda nullah is 10 feet per mile, that of the Budrapur 
nullah 134 feet per mile; both these nullahs are subject to sudden and 
heavy floods, and one object in using the Jight piles was to evade scour. 

Both the bridges were severely tested in September and October 1874, 
when the floods were just awash with the road, that is 8 feet higher 
than the presumed highest flood level, the Nalowda bridge was uninjured, 
though there was some scour of the bed, but at the Budrupur bridge, 
the bed near the bank was scoured out down to the hard marl, leaving 
the walls of concrete round the piles bare; by the action of the ordinary 
monsoon floods the bed soon silted up to the usual level, and no harm 
occurred to the eight piers and their superstructure; the abutments, 
however, or more properly speaking the masonry terminations of the 
embankments, were scoured out and fell, bending the four piles of one 
abutment, and breaking off one pile of the other abutment ; three fendor 
piles were also carried away and one down-stream strut, and three piles 
of one pier next on abutment were a little bent by the impact of a fluat- 
ing log, part of the timbers of the old bridge, carelessly left on the up- 
stream embankment, and jammed by the falling masonry; the damage 
done was quickly repaired by rebuilding the masonry and straightening 
the piles with a “jim crow; ” had the masonry been of dry stone, as 
designed, it is unlikely that any injury would have occurred to the bridge 
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itself from the fall of the abutments; they would have fallen sooner 
no doubt, but that would the sooner have relieved the pressure to which 
the heavy scour was due; and as for the massive fenders there is little 
doubt that they were the chief cause of the scour. 

Chendia Bridge.—Two spans of 254 feet on the skew on the same road, 
but six miles from Karwar on the coast. This bridge (exclusive of the 
cost of the 12 piles, which happened to be available from another com- 
pleted work at Karwar, a pier) cost Rs. 12,600, and was completed 
ready for traffic in five months, though the bridge simply, that is the iron 
and masonry work, did not take more than three months to finish, the 
other two being taken up by delays connected with the approach, the 
piles of this bridge are 6 inches in diameter, and were also screwed down 
without the aid of any machinery other than capstan collars and crab 
winches worked by hand. 

The peculiar advantage of the use of solid piles is rapidity and ease 
in getting in foundations, an advantage which under certain circumstances 
is all important. 

From recent accounts received, the small 24 inch piles of the Nalowda 
and Budrapur bridges are as suund as ever, though some of the wood- 
work has required renewal, 


Bompay, C. A. G. 
8th April, 1879. 
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EXCERPTA FROM NOTES ON THE TRANSPORT BY 
RAIL OF TROOPS, HORSES, GUNS AND WAR 
MATERIAL FOR THE ARMY IN AFGHAN- 
ISTAN DURING 1878.79. 


By Davin Ross, Esq., Traffic Manager, Scinde, Punjab und Delhi 
Ratlway. 


ae eee te ante EE NO RRNA 


Dated Lahore, 25th July 1879. 
“2. Since the movement towards Cabul commenced on the 80th 


September 1878, when the first Regiment, the 12th Khelat-i-Ghilzies, 
proceeded, until the return of the Punjab Chiefs’ Contingent—the last 
special with the Maharajah of Patidla’s cavalry passing Lahore on the 
Sth July—the grand total amounted to— 
1,88,280 Troops and Followers. 
23,142 Horses, Ponies and Mules. 
147 Guns. 
7,553 Bullocks. 
973 Camels. 
18,47,004 Maunds, Commissariat and Military Stores. 

Ds - . a number of Regiments were concentrated at 
Mean Meer and Mooltan, &c., in the first place, and they remained there 
for a few weeks before proceeding to the front. Such troops, of course, 
are reckoned twice. Each despatch involved the same amount of work 
to the Railway authorities, as if the Regiments had gone at first right 
through to their destination. 

““6. The maundage only shews the stores despatched under warrant. 
The greater portion of the grain, &c., for the troops was booked by 
traders, so the figures given, represent only a small proportion of the 
Military stores really forwarded by rail. 
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«9. Although Tro -ps and Military stores had priority of despatch, in 
very few cases, comparatively, was the traffic of the line interfered with 
or delayed in transit. 

“11. In order to transport the troopa in carriages, we had to substi- 
tute covered goods wagons for the ordinary passenger traffic, and with 
the removal of a few panels at the sides and ends of these vehicles for 
ventilation, the natives were quite satisfied with this mode of conveyance. 

“12. These wagons similarly treated with the addition of two breast 
bars fixed laterally across, were used in the carriage of cavalry; eight 
horses being comfortably carried in this manner, with their heads in the 
centre, and room between for syces, provender and harness. 

“13. In any case of emergency, these wagons with wooden planks 
fixed for seats could be easily adapted for the transport of European 
infantry, but Sepoys seem to prefer them without alterations, as they are 
thus enabled to squat down or recline on their bedding. J'rom 80 to 35 
natives can be comfortably carried in the goods wagons during the cold 
season, and not more than 30 in the hot weather. Brackets could also 
be fitted up at the ends to hold lamps for night travelling. 

“17, * * * With our goods rolling stock converted as proposed, 
we should be able to concentrate on Lahore from the Mooltan and Delhi 
directions, without assistance from other Railways, a force equal to— 

3 Batteries of Artillery, 
2 Regiments of Cavalry, 
3 Regiments European Infantry, 
5 ' Native - 
or in all about 7,000 men of all arms every 24 hours. 

“23. To provide for the conveyance of 7,000 troops per day in the 
proportions of the different arms of the service as referred to in para. 17, 
the following are the details in regard tv our rolling stuck required :-— 


: Ghaziabad to Lahore 15 Trains required. 

15 Ist Class or Composite Carriages for Officers. 
129 2nd ,, oe ae oe 5% Men. 

65 Srd_,, i _s “ ba Followers. 
150 Vehicles, es oa s% a Horses. 

24 Trucks, ota wa mA <s Guns. 
121 Wagons, ee ve oe oe Baggage. 

8 Powder-Vans, .. oe at ‘3 Ammunition. 


15 Break-Vans. 


ence 


327 Vehicles. 
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‘694, On the Mooltan Section, the June bil] makes provision for 11 
trains each way daily, which would enable an additional 732 per cent. of 
troops to be conveyed in similar proportions. The stock required would 
be as follows :— 


11 Ist Class or Composite Carriages for Officers. 


96 2nd ,, we oe ws ‘ie Men. 
48 8rd _,, es ee es os Followers. 
112 Vehicles, ie as os oe Horses. 
91 Wagons, - ee os ae Baggage. 
18 Tracks, a “ sie sig Guns. 
6 Powder-Vans, .. ee 7 oe Ammunition. 


11 Break-Vans. 


ee ceed 


393 Vehicles, 


“25. But as a similar number of vehicles would require to move 


in the opposite direction, our total requirements as to rolling stock 
should be :— 


(Here follows table giving numbers double the sum of the two preceding). 


©28. Asa large proportion of the troops must come from down coun- 
try or the sea-board direction in Foreign Companies’ vehicles, no strain 
such as contemplated in the foregoing would ever be put on this line in 
regard to the supply of stock. 

“58. To show that the carrying powers of our line as stated in the 
foregoing, are not over-estimated, I may mention that in connection with 
the recent Hardwar Fair during 18 days in April, we carried about 
250,000 pilgrims in addition to the ordinary traffic of the line, or on an 
average nearly 14,000 per day; of course to do this, all descriptions of 
vehicles were employed—goods wagons, covered and open, cattle trucks, 
&c. It can, however, be understood that the transport of these pilgrims 
Was an easy matter, as compared with the conveyance of troops.” 


D. R. 
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EXCAVATING AND UNDER-CUTTING MACHINES FOR 
SINKING WELLS AND CYLINDERS THROUGH 
CLAY AND SIMILAR HARD SOILS. 

{ Vide Plates I and 0.) 


By E. W. Stoney, Esq, B.C.#., M. Inst. C.EB. 


Tae Uclical Excavator which was described in July 1875, Article No. 
CLXVILI., Professional Papers on Indian Engineering, though remain- 
ing ip principle the same, has been improved in constructive details and 
methods of working. 

The openings in the bottom and sides are now made as large as the 
size of each machine permits, so as to facilitate filling, and the square 
holes at top and bottom are connected, and enclosed by a pipe, which 
prevents any of the contents of the excavator from either escaping 
through them, or touching the iron rod by which it is worked. 

The most suitable size for hand work has acircular body 2 feet 6 inches 
in diameter by 11 inches high, this contains 44 to 5 cubic feet, weighs 
when empty 368 fbs., and when full of clay about 876 Ibs., and makes a 
cylindrical hole 3 feet 6 inches to 4 feet in diameter. 

The above size will excavate from 100 to 150 cubic feet of clay daily, 
from a depth of 70 feet if worked by manual labour; and about three 
times as much if a steam winch be used to raise and lower it; machines 
of this description up to 3 feet 6 inches in diameter have been success- 
fully used, both in India and Ceylon, in sinking wells of from 6 feet to 
12 feet in diameter, to depths of from 40 feet to 90 feet. 

An excavator 2 feet 6 inches in diameter is about the largest size that a 
2-inch square iron rod is strong enough to work in stiff clay; and as long 
rods of larger section would be too heavy and tronblesome for use in 
ordinary works, the Enlarger about to be described has been designed to 
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make large holes, when worked by the same 2-inch rod used with the 
Helical excavator. 

The Under-cutter has been similarly designed for use with 2-inch rods, 
with a view to obviate the necessity there exists, for using inconveniently 
large loads, to sink wells through stiff material, when the soil beneath 
their curbs is not removed. 

Fig. 2, Plate I. is a plan; and Fig. 8, Plate I. an elevation of the 
“ Enlarging excavator,” designed by the author to increase the size to 
a cylindrical hole made by the Helical excavator, up to the full size of 
the interior of the well or cylinder in which it is used. 

This machine is of very strong and simple design, formed of a pair of 
semi-circular L iron ribs CC, joined by iron distance pieces, which form 
square holes for the rod R to pass through, and separate the ribs suffi- 
ciently to allow the arms A and b to work between them. These arms 
are made of angle or channel iron, according to the sizo and strength 
required, their lower ends being pivotted, while their upper ends are ex- 
panded into double-edged cutters as shewn; in the vertical webs of the 
ribs holes 1 inch diameter and 2 inches pitch are drilled, a single similar 
hole being drilled in each of the arms A and B. 

These arms may be secured at inclinations varying from almost hori- 
zontal to nearly vertical, by bringing the holes in them opposite each 
pair in the ribs, and then passing a bolt 2 through each. 

It will be at once seen that the diameter of the cut made by these 
arms can be increased or diminished by successive increments, by merely 
moving them in their respective quadrants, and that when they revolve 
the hole of least diameter will be cut by them when nearly vertical, this 
diameter increasing as the arms approach a horizontal position. 

A hole may, therefore, be enlarged in successive cuts by means of this 
machine, from the diameter of the semi-circular ribs, to that of the arms 
when horizontal. 

The cutters in which the arms tcrminate are made double, in order 
that the machine may cut revolving either to the right or left, so that by 
turning it as many times backwards as forwards, the rope by which it is 
raised or lowered, is prevented from twisting round the rod R, by which 
the enlarger is driven. 

The following points in the design are, it is believed, worthy of notice :—= 

Ist. The frame and arms can be made of any required strength. 
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2nd. The arms are supported for more than half their length by 
strong quadrants. 

8rd. A great many different sized holes may be made with the same 
machine, and the number of these may be further increased by having two 
sets of arms of different lengths to fit the same body. 

4th. The size of each cut may be varied to suit exactly the resistance 
to be overcome, so that the torsion on the bar R shall not be excessive, 
and be kept pretty uniform. 

The mode of using the Enlarger is as follows :— 

A hole about 3 feet 6 inches in diameter and 10 feet deep is first sunk 
in the centre of the well, by moans of the Helical excavator previously 
described, this is then removed, and the Enlarger lowered with its arms 
A and B fixed for cut 1, say 4 feet 3 inches diameter; when lowered 
the rope ©, which suspends it, is left slack, and the machine is turned 
round continuously backward and forward, by men at the handle H, 
(which can be fixed to, or taken off, the rod R at pleasure,) till cut 1 is 
carried to, or near, the bottom of the centre hole; this cut being finished, 
the machine is raised to the well top, the stud bolts «, z' removed, the 
arms A, B set down two or more holes, so as to make a cut say 5 feet 
in diameter, and the stud belts re-inserted; this done the machine is 
again lowered and turned round as before, till cut 2 is complete; any 
number of cuts may be madc in a similar manner. In Fig. 3, Plate L., 
the arms A, B, are shown fixed in position for cut 3, the dotted lines 1, 2 
show their positions for cuts 1 and 2 respectively. 

The material thus cut off drops to the bottom of the centre hole, from 
which it may be taken out, either with the Helical excavator before des- 
cribed, or Bull’s dredger. 

A hole may therefore be enlarged in successive cuts by means of this 
machine, from the diameter of the semi-circular ribs, up to that of the 
arms extended horizontally ; and the width of these cuts may be regu- 
lated to suit the degree of hardness of the material cut, by shifting the 
arms one, two, or more holes at a time, the softer the material the wider 
the cut may be, and vice versd. 

The author has with one of these machines enlarged a hole 3 feet 6 
inches in diameter in hard dry clay, up to 11 feet in diameter, using a rod 
R of 2-inch square iron, and a handle 5 feet radius driven by five men. 

Enlarging machines of this sort may be made with three arms placed 
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at angles of 120°, or with four arms at right angles to each other. 
When so made they are more costly than the simpler form with two 
arms, but would possess some advantage in being self-centering when 


cutting. 


Figs. 8 and 9, Plate I1., illustrate a machine which the author has de- 
signed for under-cutting wells, similar in principal to the Enlarger de- 
scribed, but differing from it, in so far, that means are provided for 
opening and closing the cutter arms from above, so that the machine 
may be drawn np, or let down through the interior of the well in which 
it is used. 

The under-cutter may have either two, three, or four arms, 

The lower part of Fig. 8 shows a two arm machine with the entters 
opened almost to their full extent, while in the upper part of the same 
figure, the arms are closed to allow the machine to be raised to the 
cylinder top. The machine is formed of an angle iron frame work, and 
arms A, B, similar to those used in the Enlarging excavator; having in 
addition rods 8, 9, secured to bell cranks K, L, fixed to the backs of each 
of the arms A, B, and those rods terminate in a guide 13, which slides 
up and down the rod R, and to this guide the rope O is tied. 

The whole machine is suspended by the rods 6, 7 and rope Q tied to 
the hook and guide 14. 

By an examination of Fig. 8, Plate I1., it will be seen that if the ma- 
chine is suspended by the rope Q while the rope O is left slack, the 
arms A, B, will drop down as shown in the upper part of Fig. 9, and so 
allow of the whole machine being drawn up through the well, while if 
the rope Q be left slack, and the machine be suspended by the rope QO, 
the arms will expand as represented in the lower figure, till they either 
touch the clay they are to cut, or the stop pins, &c., placed to limit 
their travel. 

The mode of using the machine is as follows :— 

A. hole the size of the interior of the well, 8 or 10 feet deep, is first. 
excavated in the manner already described, or otherwise. 

The stop bolts are then put in position for the first cut, in the quad- 
rant holes, and the machine lowered by the rope Q and suspenders 6, 7 ; 
when it reaches the bottom of the excavation, the rope Q is slackened, 
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and the rope O hauled tight and kept so; this causes the arms A, B, to 
move out till they touch the clay they are to cut. 

The machine is now turned round back and forward by the handle H, 
fixed to the rod R, and this causes the arms to cut gradually out till 
they reach the stop bolts, placed to limit the diameter of their cut, and 
by keeping the rope O tight, while the under-cutter is being turned, cut 1 
will be carried right up to the well curb as shown in Fig. 8. 

When this cut is finished, the rope O is let slack, and the machine 
drawn to the cylinder top by the rope Q, the clay cut out should now be 
dredged up, and the stop bolts moved out and placed in the holes for 
the diameter of the next cut, which may then be made as already 
described. 

In Plate II. the under-cutting is represented as done in three cuts 
marked 1, 2, 8, the corresponding positions of the arms being shown by 
dotted lines. 

In practice the number of cuts will vary with the nature of the soil 
cat, being few in soft and many in hard materials. 

It will be seen, however, that the under-cutter just described is of 
strong and simple construction, and that it will make cuts of very many 
diameters. 

The arms are placed below thcir frame so as to cut upwards, in order 
to prevent their being caught, and the machine held fast in the event of 
a well suddenly sinking. If this should occur, the tendency of the 
sinking well would be to close the arms, so that the machine could be 
drawn up by hauling on the rope Q. 

The author, with one of these machines, undercut a hole 8 feet 6 inches 
in diameter, formod in stiff dry clay soil, till it attained a diameter of 
10 feet 4 inches, cyual to an undercut of 3 feet 5 inches all round. 

The above described machines are all arranged so that they can be 
worked by the same 2-inch square iron bar turned by the handle H, 
which is made so that it may be quickly taken off by turning back the 
screw handle /, Fig. 8, which unclamps the catch g, which is then turned 
over into the vertical position shown by dotted lines, and as rapidly put 
and clamped on the rod R by reversing the above process. 

A platform to support the men who turn the handle H is also neces- 
sary, and this may be made in a very convenient form as shown in Figs. 
1,8, 8; it consists of a square frame LL, (of size suited to the wells on 
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which it is used,) to which doors y, z, are sccurcly hinged, these when 
open allow the excavator to pass up from, or down into, the well, and 
when closed, as in Fg. 8, form a level floor on which the men working 
the machines walk round. 

In connection with this, a barrow D running on rails as in Figs. 1, 3, 
should be used, into which the Helical excavator after coming up full 
is discharged, and then lowered at once, the barrow being run back and 
its contents thrown into the river below. 

In order that these machines may, when used, run freely up and down 
the rod R, it should always be suspended in such a manner as will pre- 
vent it from getting bent, and at the same time allow it to turn freely. 

This may be convenicntly done when wells are 12 fect in diameter or 
more, by building up portions of them EF, F, as in Figs. 1,3, and fixing 
on top of these walls a cross-beam M, in the centre of which is placed 
a boxed cast-iron socket J, Fig. 4, and in this rests and turns the gland T, 
formed with a rectangular hole, in which the rod R fits, and is fastened 
by the key K. 

T, J, and M, Fig. 4, are provided cach with a side opening, so that 
the rod R may, when unkeyed, be taken ont without disturbing them. 

On one side of M is bolted the double pulley P, through the sheaves 
of which the rope © or ropes UO, Q, required to work the various ex- 
cavators, pass, Fig. 1. 

In small wells either the cross piece M can be supported by four 
raking legs mortised at foot into the frame LL, or a derrick pole used 
as in Fg. 8. 

When a derrick is used to work these machines, it should be fitted 
with a jib J, controlled by ropes E, F, having at its extremity a double 
pulley P, through the sheaves of which the ropes O,Q, required to work 
the machines, pass. 

The rod in this case should be suspended by a swivel hook §, tied to a 
rope G, which after passing through the sheave U is secured to the 
lower part of the derrick. 

The pulley P should always be kept below the top of the rod R, (which 
may be easily done by lowering the jib J,) so that when this is turned, 
the ropes O and G cannot twist together. 

Before commencing work the rod R should be turned round and al- 
lowed to sink by its own weight 5 feet or so, into the material at the 
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bottom of the well, and then suspended, so that its lower extremity 
may have a steady guide to work in. 

For depths of 40 feet or so, continuous rods formed by welding 2- 
inch square iron bars together, up to a length of about 50 feet, will be 
found most convenient; but for greater depths jointed rods are more 
suitable. 

These rods can be put into the wells in which they are required to be 
used most conveniently by means of a derrick, before the wells are 
built high up. 

Fig. 6, Plate 1., shows a joint for use with the 2-inch square iron rods 
R, it consists of two pieces A and B which form a splice, held together 
by the screws 5, 6, and further strengthened by the socket or collar C, 
which is slightly tapered inside to fit the corresponding taper of A and B. 

The smaller end B of the joint should be kept up, and be welded in 
this position to the 2-inch square bars, as shown in Fig. 5, these may 
be about 30 feet long; a bottom length of 24 inches square iron, 15 to 
20 fect long, being required to drive the excavator, which, when used 
with a jointed rod, requires to have holes 28 inches square in it, to allow 
it to pass freely over the joints. 

The collar C can be driven on tight by slipping the iron piece S, Fig. 7, 
down on its end; and striking that with a hammer. When the collar C 
has been driven home, it is secured in place by the stud screw 7; the 
joint and collar should be well oiled before being put together, to pre- 
vent them rusting together. 

If the machines just described be used on the same work, the rod R 
would remain as at first placed in the well centre, and after a hole 10 
or 15 feet deep had been made by the excavator, it would be taken off 
the rod R, and the Enlarger and Under-cutter would be put on in succes- 
sion, to complete the excavation to the diameter of the exterior of the 
well, being worked by the same rod and appliances used for the excavator. 

In conclusion, the writer trusts that the apparatus just describod for 
excavating and under-cntting wells, when being sunk in clay, may meet 
with the approval of Engineers in India, who have experienced the diffi- 
culty, delay and expense there is, in getting and placing the very heavy 
weights required to sink wells through clay when their curbs are not 


undercut. 
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THE KRISHNA BRIDGE, NEAR KOLHAPUR. 
[ Vide Plates I, and IL.] 





ate te erence nen 


By Major E. D’O. Twentow, R.E., Exec. Engineer, Kolhapur. 


Tris bridge is on the road from Bijapur to the coast vé Kolhapur and 
the Amba Ghat. It crosses the river Krishna at the village of Oodgaum 
24 miles due cast of Kolhapur. Taking its rise in the Western Ghats 
close to the hill station of Mahabaleshwar, the river, on issuing from the 
hills, takes a southerly course parallel to the range until it reaches the 
bridge site about 150 miles from the source, At this point the area 
drained by the river is 5,000 square miles. The annual rainfall over 
this district varies from as much as 250 inches along the ghat water- 
shed, to 10 inches about Satara on the right bank, while on the eastern 
or left bank, the average probably does not excecd 20 inches. The width 
of the waterway is about 8UU feet, and the depth of the river in extreme 
floods is 56 to 60 feet ; at these times, however, the water covers the coun- 
try on each side toa large extent. The arca of waterway afforded by 
the bridge is 40,000 square feet, and assuming that the velocity of the 
water is 54 feet per second, the discharge would amount to 2,20,000 
cubic feet, equivalent to a rainfall of 1:63 inches per 24 hours over the 
entire district. 

Tho work was begun in March 1875, and finished in March 1879, at a 
total cost of Rs. 4,50,000. Of this sum two lakhs were contmbutions by 
Native States, the balance being paid by the British Government. The 
bridge is built entirely of stone masonry, and consists of 11 arches of 
70 feet span, on piers 56 to 60 feet in height, the total height from 
river bed to roadway being 82 feet. The foundations are all on the rock 
which extends right across the channel, though covered in places with 


sand, 
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In the design two abutment piers Nos. 4 and 7 are provided. The 
width of the ordinary piers is 9 feet at top, increased by one foot offsets 
to 15 feet above foundations, In order to save masonry, the usual cut- 
waters on the down-stream side are reduced to the form of a flat buttress 
having a batter of 1 in 7. 

In the superstructure the only peculiarity is the introduction of con- 
crete spandrel arches. Two of these of 74 fect span, supported on a centre 
wall, and on the two face walls, suffice to carry the roadway over the piers 
between the main arches. By this means two voids or spaces are left 
over each pier, measuring 80’ x 10’ & 724’, equal to 4,500 cubie feet. 
If these had been filled up in the usual way with gravel or stone, if 
would have added 250 tons to the weight over the pier. As it is the 
weight of an arch and its superstructure amonnts to 1,200 tons, and this 
is carried on a pier measuring 9’ X 22’ = 198 square feet, producing a 
pressure of upwards of 6 tons, or 12,450 ths. per square foot. The addi- 
tional 250 tons would increase the pressure to 16,400 ths., or 114 Tbs. per 
square inch, which would be an extreme weight for ordinary masonry. 

The omission of wing walls from the design will also be noted. If 
the usual pattern of splayed wings, 82 feet high from the rock, had been 
built it would have added another lakh of rupees to the estimate. The 
mass of loose stone extending round the abutments answers the same 
purpose at far less cost, and without seriously obstructing the waterway, 
as the end arches are beyond the natural bank of the river. There is 
another objection to masonry wings bonded to the abutment, for either 
from unequal settlement or other canse they are often found to separate 
from the abutment, leaving an unsightly crack at the shoulder, if not ac- 
tually endangering the whole structure, 

With regard to the materials available for the work, the stone was 
quarried from some hills 2} miles from the site, and consisted of the 
ordinary dark coloured trap of the district. It is a hard and durable stone, 
weighing 185 tbs. to the foot, but intractable to work from the want of 
any regular planes of cleavage. The stone was brought to the bridge 
by a tramway of 2 feet 6 inches gauge, on which the trucks, each car- 
rying about two tons of stone, were pushed by a couple of men. The 
line was continued down into the river bed by means of an inclined plane 
supplied with a drum and brake and endless chain. By thie means the 
loaded trucks in descending pulled up the empty ones for the return trip. 
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The kankar for lime was collected in the neighbourhood: a part con- 
sisted of the nodular kind found in the soil, and part of the quarried or 
block kankar. It was burnt with charcoal in continuous kilns similar to 
Mr. Dejoux’s pattern, but higher and narrower, viz., 18 feet from hearth 
to top, 5 feet diameter at top, and 3 feet at bottom, and they were 
built under the river bank for convenience of loading from above, without 
the necessity of climbing steps. These tall kilns require less fuel and 
burn the lime more steadily, being less liable to the influence of draughts 
from change of wind, &c. The quantity of charcoal allowed was 40 cubic 
feet, or 800 Ibs. to the 100 cubic fect of kankar. For the more im- 
portant portions of the work, wz., the foundations, arching, and the con- 
crete spandrel arches, the kankar was treated as a cement in being hot 
ground, (7. e. without slaking,) and then sifted through a fine screen of 
eight meshes to the linear inch. This plan gives a quicker setting and 
stronger mortar than that obtained by slaking first and then mixing ; 
provided the kankar is clean, hard, and of hydraulic nature. The average 
tensile strength of briquettes made of the bridge mortar (14 sand to 1 of 
lime) was 50 ths. per sqnare inch at the age of one month, increasing 
to 65 at two months, and continuing to increase up to a year. The 
mortar made from the cement or hot ground lime usually gave results 
better by 20 per cent. than the above. 

In excavating the foundations, the water was kept out by bunds of clay 
round the site; the rock was usually excavated to a depth of 5 feet 
or until a solid stratum was reached. The first two courses of masonry 
were built of solid block in course set in Portland cement, the stones 
being chisel-dressed on beds, and measuring not less than 2’ 6” x 18” x 12”. 
Above this, and above ground up to springing level, the masonry of piers 
and abutment is constructed of a mixture of block in course and rubble 
as follows :— 

The facing to a width of 18 inches is block in course. These are large 
stones 10 to 14 inches in depth, 2 to 4 feet 6 inches in length, and 18 
inches wide, with top and bottom beds chisel-dressed throughout, so as to 
allow of }-inch bed joints, with no pitch holes of more than 6 inches dia- 
meter, and 1} inch depth. The side joints are vertical, but excepting for 
12 inches in from the face are only hammer-squared, so as to give joints 
of 2 to 3 inches width. In addition to the face stones, bands of this 
block in course 18 inches in width are run transversely and longitudinally 

$19 


4 THE KRISHNA BRIDGE, NEAR KOLHAPUR. 


about 5 feet apart in a chess board or gridiron pattern over the whole 
area of the structure. These courses lie one over the other from bot- 
tom to top, thus leaving rectangular spaces or pockets between. These 
spaces are filled in simultaneously with coursed rubble consisting of 
roughly squared stone about 1 foot in depth, and measuring not Jess than 
14 cubic feet; the stones being carefully fitted give joints of 4 to 8 
inches, and all hollows are filled with smaller stones completely embedded 
in mortar. 

The estimate rate for this class of masonry was Rs. 60 per 100 cubic 
feet, and it was nearly worked up to as follows :— 


Material. 
RS. AS. P. RS. AS. P. 
50 cubic feet dressed stone, @ 6) annas per cabic 
foot, «. ae es ws a os os 20 5 
GO cubic feet rabble, @ Rs. 12 per 100 enbic feet,.. 7 38 2 
Carriage of 110 cubic fcct stone 23 miles, @ 9 pie 


OQ 


per foot, oe oe ae oe ee » 5 2 6 

Mortar, .. oa ae “s oT ei - 6 9 0 
Total material, Rs., .. .. 3810 8 
Labour. 

12 Masons for setting, @ 10 annas cach, .. oe 7 8 OQ 
20 Navaghannies or bamboo coolies, @ 4 annas,.. 5 0 0 
Coolies, women and boys, —o« a oe oe 2 0 0 
Smiths, steel and charcoal, .. oe ae « 2 8 90 
Scaffolding, .. oe ee oe oe . 1 8 0 
Sundrics, as i oe ba es ae a BD 


| 
| 


Total labour, Rs. .. - 20 0 0 
Total per 100 cubic feet, Rs. .. »» £810 8 





Up to 30 feet from the ground, the matcrial was carried up to the 
piers over inclined planes of planks supported on scaffolding; and in the 
case of the abutment piers, which required a double quantity of stone, 
this was continued ina spiral form round the pier up to the top. But 
for the ordinary piers a kind of revolving derrick, set up on the pier, was 
found to answer well. The hoisting chain and revolving arrangements 
were worked entirely from below, so as not to take up the working space 
on the pier. The top of the pier under springers was finished off with 
two courses of solid block in course. 

In designing the centres, it appeared to be the most economical plan to 
dispense with intermediate supports, and to make the ribs strong enough 
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to span from pier to pier as a girder. Supposing two rows of intermedi- 
ate posts or piliars had becn introduced to carry the weight from the 
ground, each post must have been from 60 to 70 feet high, and to sustain 
the weight (upwards of 20 tons each) they could not be less than 15 
inches square, also they would require support against cross-breaking by a 
strong system of transverse struts. All this would require a quantity of 
the largest and therefore most expensive class of timber. 

The total weight of the plain arch ring 3 feet 6 inches to 3 feet thick 
is 520 tons, and the portion of this actually bearing on the centre (calculated 
by the formula given by Rankine at page 448, Nankine’s Civil Engineer- 
ing) is 300 tons. The plan adopted is a system of four ribs resting on 
brackets supported on off-sets left in the piers. <A rib consists, wide 
figure, of an arched or polygonal frame of timber following the shape of 
the arch in combination with a system of raking struts and a tic-beam. 
Lhe arch frame consists of double back pieces of 10” x 4” planks set 
on edge and spaced 8 inches apart, by means of packing pieces 2’ 6” x 
10” % 8” inserted between them. The ends of the back pieces are cut 
radially so as to butt fairly one against the other, the joint being com- 
pleted by £-inch bolts and one inch bamboo pins through the packing 
pieces. In the centre or crown of the rib, the 8-inch space is filled 
by a straining beam 15' x 12” x 8” to receive the heads of the two 
large struts 18’ x 12” x 8”. On both sides of the straining beam, for 
a distance of 8 feet, the 8-inch space is also filled with two additional 
10” x 4” back pieces, forming the caps to the two smaller struts 14’ x 
10” x 8”. There are also two vertical struts 8’ x 5” x 5° to stay out 
the rib above cnd of each bracket. The feet of all three struts on either 
side are stepped into a horizontal plate 12” x 8” resting on the striking 
wedges. The straining beam is trussed in centre by a 8” x 8” vertical 
post suspended on 14-inch round truss rods. The tie-beam is of double 
10” x 4” planks, so as to encircle the raking struts, it also secures the 
centre truss post by means of the 2-inch iron pin which is passed through 
the eyes of the truss rods and centre of tie-beam. To the same pin are 
also attached the two counter-ties of §-imch chain, whose lower ends are 
attached to the end of the horizontal plates. These latter chains are 
merely intended to hold the rib together while hoisting into position. 

The scantlings of the bracket are given in Plate I., on the inside of 
the right angle is bolted a large 5” x 1” iron angle plate, and through 
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a hole in this plate is passed the 2-inch iron masonry tie-bolt which 
holds up the bracket against the pier. The rear end of the bracket at 
top is formed into a step inclined in direction of radius by a chock piece 
bolted on it. The end of the back piece projecting beyond the horizon- 
tal plate is also cut off radially, so as to abut fairly on a set of wedges 
resting on this step, thus counteracting any tendency of the bracket to 
fall outwards from the weight at its outer end. 

The timber used in the centres was chiefly muttee (eyne) and nana 
(ben teak). These are very strong but heavy woods, weighing from 55 
to 62 pounds per foot. The weight of a bracket was 14 tons, and that 
of a rib complete 4# tons. 

The hoisting was done in this way. The four 2-inch tie-bolts having 
been inserted through the holes left for the purpose in the masonry, the 
eight brackets were hoisted in succession by means of a small derrick fixed 
on the pier with a double $-inch chain fall worked from a winch below. 
Between the feet of the brackets and the step cut in the pier, wooden pack- 
ing pieces were placed, so as to take all the weight of the brackets off 
the tie-rods. Then the top of the brackets having been covered with 
3-inch planks, formed a convenient platform for the next operation of 
hoisting the ribs. These were brought in pieces on to the river bed 
below, and there put together alongside one another, in a position oblique 
to the bridge axis, so as to clear the pier offsets. The hoisting was done 
with an ordinary jib crane made of two teak spars, the jib being 37 feet 
long and about 11 inches mean diameter, and the crane post 24 feet long 
and 9 inches diameter. The back and front suspension stays consisted of 
treble §-inch chains. The rear ends of the back stays being separated 
were made fast to the two outer ribs of the centre of the arch in rear near 
their crowns ; the crane itself being set up on the outer end of the two 
centre brackets on two 15-inch square balks. The jib at an angle of 
45° had a rake of 24 feet, and thus could command the centre of the 
span 35 feet from pier. The hoisting tackle consisted of a treble fall of 
£-inch chain working through two double pulley blocks with 10-inch 
sheaves, The hoisting end of the chain was led down direct from the 
fixed block at end of jib, to a large double purchase winch secured to the 
bracket platform immediately in rear of the crane. The hook of the 
lower or running block having been made fast to the back piece of rib 
at its centre, it was first set upright on the ground to tighten up bolts 
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and to drive the wooden tree-nails on the underside. Then the hoisting 
was continued, the 1ib hanging vertically, but with its plane athwart the 
line of bridge, until it was high enough to clear the pier offsets, when it 
was swung by guy-ropes under the brackets, and passed up still in an 
oblique position through the outer bracket openings up to its final height 
about 2 feet above. It was then brought parallel to its proper position, 
and lowered on to balks placed to receive it. The ribs destined for the 
outer positions still required moving side ways into position, and this 
proved a somewhat hazardous operation, because the hoisting tackle which 
kept it upright had to be removed, and its office supplied by guy-ropes 
Jed down to winches placed on the ground some 200 feet up and down- 
stream. The guys were made of $-inch wire-rope, two on each side; 
4-inch Manilla rope was first tried, but did not answer on account of 
its tendency to stretch when a gust of wind acting on a large surface 
of the rib threw a sudden strain on it. Traversing the feet of the ribs 
side ways was effected by differential pulley blocks fastened to the hori- 
zontal plates on each side, the other ends being fixed to the outer brackets, 
and the traversing ways being slightly greased. No sooner was a pair 
of ribs fairly in position, than they were secured together by nailing on 
some of the 38-inch laggings, and fixing diagonal bracing in centre be- 
tween the truss posts. The laggings consisted of deal planks, and were 
fastened with bamboo pins instead of nails, in order to facilitate removal 
and cause less damage to the planks. 

‘The stones for arching are all cut stone, ¢.¢., dressed fair on all sides, and 
sll one foot thick at soffit. The 3 feet 6 inches thickness near springing 
is made up by a course of 2 feet soffit stones, and 1 foot 6 inches back 
stones, alternating with a course of 1 foot 6 inches soffit and 2 fect back. 
Nearer the crown the stones run 1 foot 9 inches and 1 foot 3 inches alter- 
natively; the average breadth being 2 feet. They were all hoisted from 
below, throngh holes left for the purpose in the laggings, by means of the 
small triangular derrick frames, with an iron block and chain fall overhang- 
ing the hole. The other end of the chain having been passed through a 
leading block on the ground level, was attached to a team of four or six 
bullocks, who thus drew up the load just as they would draw a mote from 
awell. Before the masonry reached the tie-beam, or at abont 8 feet from 
springing, the crown of the centre had to be loaded with about 20 tons of 
stone, z.¢., 5 tons to each rib, to counteract a tendency the ribs gave to 
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rise at the crown. This did not prevent a slight crack opening later on 
in the haunches, but not sufficient to cause any uneasiness. The last 18 
feet of the ring on each side of the crown was carried up and keyed in 
with soffit stones before completing with back stones to the full thickness, 
in order to lighten the weight on the centres as much as possible. The 
backing was carried up to a height of 8 feet only above springing, and 
finished off level. Where there was no cause for delay, it took from 
three wecks to a month to turn an arch. 

Striking the centres was usually effected the second day after keying 
in the outer ring. The settlement at the crown as taken by a level was 
generally less than half an inch. When the striking wedges had been 
properly greased before putting in with a mixture of soap and grease, 
they gave little trouble in getting ont, but in one or two cases where this 
had not been donc, the wood had to be cut away with chisels. The sand 
boxes were chiefly used to lower the centre after it was clear of the arch, 
and for this they are well adapted, but for supporting the work under 
construction they are not so reliable as hard wood wedges, because there 
is always the chance of settlement from carcless packing. 

In the working season of 1876-77 the first four arches were turned, 
and in the following scason the remaining seven. Tor the rains of 1877 
the ribs were left suspended by chains under the arch rings, the laggings 
and the brackets having been taken duwn. Lowering the ribs was done 
through holes left for the purpose in the keystune course of the arch 
ring. The winch having been placed with its barrel over the hole with 
the lowering chain coiled on it, the operation was done just in the inverse 
way to hoisting. 

With regard to the investigation of the strains in the rib, it is evident 
that where two systems of arch and truss are connected in one frame, it 
is impossible to determine the exact proportion of weight upon each. In 
fact, were it not for the yielding of the joints of the rib, all this sub- 
structure of trussing would be unstrained. Supposing, however, that the 
arched frame bears the whole load; we have, according to Rankine, equ- 
ation 7, page 488, Rankine’s Civil Engineering, the horizontal stress at 
middle section, or Il = M — d, where 


M = W 


which worked out gives in this case M == 1146 foot tons, and II = Pea 


17 
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== 65 tons. The section of the double 10” x 4” back piece averages 
about 70 square inches. This gives a pressure of about 2,000 Ibs. to 
the inch, a strain exceeding the ordinary safe working load, but not in 
excess of the crushing strength of hard wood. It may be shown also 
that the secondary system of radiating struts supported on end of bracket 
is quite capable of itself of sustaining the whole load. Experience 
proved pretty conclusively, however, that the arch bore the main portion in 
every case, for it was invariably found that, on easing the centres, the back 
wedges supporting the arch were jammed harder than the front ones carry- 
ing the struts, Indecd the latter were sometimes eased clear of the plate 
above at the first blow of the hammer, and before the back wedges had 
been struck at all, showing that the weight of the arch was then taken 
by the back piece only. And this was the case to the last, although 
owing to the fact that five centres only were made for turning eleven 
arches, some ribs were used three times over, aud the consequent hoisting, 
lowering and shifting with an occasional immersion in the river natural- 
ly entailed much rough usage to the joints. 

The head walls and a centre wall are carried up to a height of 10 feet 
above backing, to carry the concrete spandrel arches. These were laid 
on a wooden centering, composed of planks supported on small ribs of 74 
feet span. The rise of the arch is 1 foot, thickness at crown 15 inches, at 
sides 2 feet, and 2 feet 6 inches over centre wall. Drainage holes are left 
at the sides, so as to Jead the water from the roadway on the backing, and 
thence through the arch ring by holes made throngh it. 

The concrete was composed of 1 part hot ground kankar lime, 1 of 
sand, 4 of broken stone. The latter was made from a soft species of 
porous trap found in the river bed, and it was broken small enough to 
pass through a 14-inch ring. The mixing was done by hand as follows :— 
The stone having been wetted was spread out on a wooden floor to a 
depth of 4 inches, then the sand and unslaked lime over it in the proper 
proportions. The whole was then turned over, first dry and then with 
water, snd sent on to the work while still warm from the heat of slak- 
ing. The concrete was laid over the arch in layers of about 6 inches 
thickness, which would be reduced to about 4 inches by ramming. At 
4 fect intervals across the arches, and enclosed im the concrete, are bars 
of 24° x }” iron laid edgewise on the centres, and long enough to reach 
across the bridge. The work was kept wet for a month, when the cen- 
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terings were usually lowered, and the sides of the openings walled up 
with dry stone. These arches have since been tested by hauling over 
them a cart loaded with rails so as to weigh nearly two tons. Although 
some of the arches tested were only a month old, this weight had no 
appreciable effect on them. The concrete, however, would have been 
better with a larger proportion of lime, say 1 to 3 of other material. 
Its cost, including centering, but exclusive of the bar iron, amounted to 
Rs. 18 per 100 cubic fect. 

There were two accidents to life during the course of the work, neither 
of which could be ascribed to any failure in the working. One man 
fell to the ground from the centres, the other was struck when on the 
ground below the arching by a small wooden handspike let fall by a 
mason working above. 

The chief items in the Work Abstract as actually carried out are— 





c. ft. | Rs. 


6,03,000 | Excavating foundations in earth, at Rs, 1-2-3 per 100 
cubic feet, ee oe oe oe 6,900 

49,000 | Excavation in rock and water, at Rs, 10-13-10 per 100 
cubic feet, es we ve ee 5,366 

54,250 | Block in course in foundations, at Rs. 68-7-7 per 100 
cubic fect, oe oe ee os 37,145 

$,19,800 | Block in course and rubble superstructure of picrs and 
abutments, at Rs, 59-12-35 per 100 cubic feet, oe 1,01 ,025 


69,582 } Arching in dressed stonc, at Rs. 87-8-4 per 100 cubic feet, 60,897 
52,500 | Coursed rubble in head walls, at Rs. 24-10-2 per 100 cubic 





feet, ee ee e@ ee ea 12,946 
17,480 | Concrete in spandrel arches, at Rs. 18-9-9 per 100 cubic 
feet, ee ee oe os oe 3,251 
rg. ft. 
1,816 } Cornice, at Rs. 3-1-8 per foot, .. o» oP 5,635 
1,816 | Parapet, at Rs. 5-2-8 per running foot, os ee 9,480 
No. 
5 Centres, at Rs. 750 each, ee “ oe 3,750 
G Removals and resetting up at Rs, 1,026, we as 6,150 
Earthen approaches, including stone endings, ‘ 16,044 
Minor items and contingencies, .. os oe 569,644 
418,253 
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No. CCCXV. 


REPORT ON THE PROPOSED WATER SUPPLY TO THE 
TOWN OF SHOLAPUR. 
[Vide Plate]. 


By C. T. Burke, Esq., B.L., Assoc. Inst. C.L. 


Tue town of Sholapur, the sudder station of the Sholapur district, is 
situated in latitude 17° 40’ north, and longitude 76° 57’ cast, its dis- 
tance from the sea in a direct line is about 184 miles, and its height 
above mean sea level at the site of service reservoir No. 2 is 1,563 feet. 

The mean average rainfall in the past eleven years amounted to 31:99 
inches; the maximum and minimum in tho same period being in 1878 
and 1876 respectively 69°37 4nd 10°57 inches. 

Previous to the construction of the Ekruk tank and cauals, the inhab- 
itants of this large and populous town were dependent upon the uncer- 
tain supply obtained from wells for water for drinking and domestic 
purposes, and were it not for the supply afforded by the Ekruk tank in 
1876, it is not too much to say, that a population of more than 50,000 

would have experienced the dire effects of a water famine. 

Tho principal canal leading from the Ekruk tank passes around the 
‘town of Sholapur, at distances varying from half to one mile from the 
| outskirts, and as much as two or three miles from the interior parts of 
' the town, the supply thongh constant, and abundant, is at long distances 
from the bulk of the inhabitants; it has, therefore, been decided by the 
: Municipality to undertake a scheme for a complete supply of drinking 


| water to the town and its environs. 
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In this scheme it is proposed to draw off the water from the Ekruk 
perennial canal, in the 4th mile, through a 9-inch iron pipe into a 
settling tank, from which it is to be led into the pump well situated in 
the engine house, and from thence is to be pumped direct, through a 
line of pipes, 9 inches in diameter, into two service reservoirs placed at 
different levels in the town, and from which the distribution will be 
effected. 

The calculations of the engine power will be found in Appendix No. I., 
from which it will be seen that about 40 horse-power will be required to 
raise the requisite supply in ten hours. It is proposed to use two special 
pumps by Tangye Brothers and Holman, each of 20 horse-power, and 
so arranged, that either can be worked separately in the case of accident 
to the other, or combined, so as to give out the full effect required. 

The calculations upon which the dimensions given to the main pipes 
are based will be found in Appendix No. I, 

Appendix No. II. contains detailed descriptions of the varions parts of 
the works, which are illustrated in the Plate. 

The total estimated cost of the works including establishment and all 
charges is Rs. 1,93,894, distributed as per abstract estimate, sce Appen- 
dix No. II. The cost per head of population to be supplied will be Rs. 
3°827. 

The following may be assumed as a fair estimate of the monthly ex- 
penses necessary in connection with the engines, &c. :— 


Rs, 
Engincer with lst Class certificate, ... waa w 
Fireman, ... oes eee vas oes pay . 25 
Coal per 10 hours, or 19 cwt., @ Rs. 36 per ton, oes 1,026 
Oil and waste, ... sas nt die 6% ioe 6 
Sundry stores, wee ove eee ves ae 3 


Monthly expenditure Rs, _—.... 1,135 
If wood fuel be used, about 24 tons will be required per day, and as- 
suming a rate of Rs. 8 per ton, the monthly cost of fuel will be Rs. 600, 
and the other items remaining the same, the monthly expenses will be re- 
duced to Rs. 709. This estimate is of course exclusive of depreciation 
of machinery, and the ordinary expenses attending the maintenance of the 
works. It may be here remarked that the depreciation of machinery is 
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greater in the case where wood fuel is used, as it is more destructive to 
iron than coals. 

The maximum cost of coals in Bombay, distributed over the past ten 
years, gives @ mean average of Rs. 21:64, to which must be added the 
cost of carriage by rail and road, which brings the average up to Rs. 36 
per ton delivered on the works. 

The following is the result of an analysis of samples of water taken 
from the canal at the place from whence it is proposed to take the sup- 


ply :— 


Total solids, grains per gallon, wae 6 we 10°85 
Chlorine, ... a's isa - 046 
Free ammonia, nate per inline: sai. eos we §«=—0'08 
Albuminoid ammonia, see is we. O16 


Sediments. Vegetuble débris and aintoas, 


It is satisfactory to know that the water is sufficiently pure to admit 
of its use for all domestic purposes without the intervention of filtration. 


APPENDIX No. I. 


Calculations of the power of machinery, dimensions of pipes, §c., required. 
Population of Sholapur as per return corrected to 
1872, aee eee eee eee aoe econ 50,666 


Allowance per head per diem, a a6 = 65 gallons. 
Quantity of water to be delivered in the town ie wee 2,008,030 


Relative levels of important parts of the proposed work— 
Surface of water in Ekruk perennial canal at “ take 


Oil, ess wee _— bas es dat = 163:50 
‘Full supply’ or surface level of water in settling 

reservoir when full, oe ae sue = 163-00 
Floor level of ditto, ... eas aor re = 183-00 
Bottum of engine well, sas sis = 150-00 
Sill of main pipe at starting point, ... ne = 153-00 
‘Full supply’ level of surface of water in service re- 

servoir when full, o. ans “ae is == =. 252-00 
Floor level of ditto, ... wns Ses ue == 239:00 
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The reduced levels of important parts of the town to be commanded 
will be found on the plan in Plate. 
The total length of main pipe,... et == 8,470 feet. 
Actual height to which water must be raised, = 99 =, 


. . . D in gallons 
Discharge in cubic fect per second = eae 


258-380 
~ 625 x 10 x 60 x 60 
== 1-125 cubic feet per second. 
Let d = diameter of pipe in fect. 
V = Velocity in feet per second. 
h = Head or fall per mile in feet. 
D = Discharge in cubic feet per second, 
D = 1°12, assumed = 8 inches or ‘66 foot. 
Nn 


id ae 
V icc oeenseeane nat = 
ee ares PY) =» Ble fe 


== 3°28 feet per second. 
a OB? 
where Jip = head due to friction per mile 
== 87-49 feet per mile. 


.. Head duc to friction in total length of pipe = — 
vo 


== 60 feet nearly. 

Tn the above calculations, the diameter of the main pipe was assumed 
to be 8 inches, while it is really to be 9 inches, the extra inch being 
allowed for deposits, incrustation, &c. 

Absolute power of engine required.—It is proposed to raise the whole 
day’s supply, 2,53,330 gallons, in 10 hours. Work to be done by the 
pumps in raising 2,583,330 gallons to a height of 159 feet in 10 hours, 


2583530 K 159 «K 
horse-power = ——— pea act horse-power = 20°34. 
47,02,000 


To which add 90 per cent. additional power to provide against contin- 
gencies, that is assuming the efficiency of the pumps to be = 0°526, the 
absolute horge-power required =: 38°70. 

It is proposed to use two engines of 20 horse-power each, which can 
be worked separately or combined. 
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APPENDIX No, II. 


Estimate of the probable cost of supplying with water the town of Shola- 
pur, situated in the Taluka and District of Sholapur. Amount of Esti- 
mate Rs, 1,93,894. 

Description.— The water to be taken from the Ekruk perennial canal 
in the 4th mile, and passed by an iron pipe into a settling tank, designed 
to hold 54 days’ supply. From this tank the water to be led off to the 
pump well, situated in the engine house, and from thence to be pumped 
up and condncted through the main pipe to service reservoirs Nos. ] and 2. 

The service reservoirs contain a combined supply of 32 days, and 
from them the distribution in the Town, Sudder Bazaar, and Modi-khana 
will be etfected. 

The Plate illustrates the different works. 

Fig. 1. A genoral plan showing position of the settling tank, engine 
house, main pipes, service reservoirs and proposed lines of distributing 
pipes. 

fig. 2, Details of settling tanks. 

Fiz. 3. Details of service reservoir No. 2. 

Steam pumps, boilers, engine house, §c.—The pumping machinery to 
consist of two special steam pumps, by Tangye Brothers and Holman, each 
of 20 horse-power, and provided with connections, so that one or both 
can be worked as occasion may require. Each pump to have a 16-inch 
steam cylinder, and 10-inch double-acting water cylinder, buth having 
36-inch stroke. 

Two boilers to be provided, each 18 feet in lenyth and 5 fect dia- 
meter, of the Cornish type, with a flue 32 inches diameter; they shall be 
fitted with steam domes 28 inches diameter and 30 inches high, and be 
complete with all fittings; steain pipes to connect the boiler and pump 
together with exhaust steam pipes to be provided. 

A building of suitable dimensions and design to be provided as engine 
and boiler house. 

A coal or fucl shed and small bungalow for the Engine Driver’s resi- 
dence to be constructed in the engine house compound. 

Settiing tank.—-The water to be led by a 9-inch pipe, fitted with a 
sluice valve, from the Ekruk perennial canal, into a settling tank, of 
which side section is shown in Ig. 2. 

This tank is to have a clear length of 147-66 feet, and width of 147°66 
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feet at the full supply level, and 146 feet at the bottom, with a depth 
of 10 feet, Its available capacity = 13,50,562 gallons, or 54 days’ 
supply. 

The nature of the material at the site of the reservoir, and throngh 
which it will be necessary to excavate, consists of muram, soft and hard, 
with boulders and soft rock, 

A lining of rabble masonry, with a parapet 8 feet in height, to be con- 
structed of the dimensions shown in the figure. 

A 9-inch scouring pipe fitted with valve to be placed at the bottom on 
the western side, communicating with the nullah, to admit of the reser- 
voir being cleared out when necessary. 

A supply pipe to be fixed leading from the tank to the pump well. 

Main pipes —Vhe main pipe to be laid in one continuoas line, extend- 
ing from the engine or pamp house to the Teljapar gateway, thence 
along the main street through the Biyapur gateway and service reservoir 
No. 2, see Fiy. }. 

The pipes to have a clear diameter of 9 inches; the joints to be turn- 
ed and bored of the pattern shown in fxg. 1. 

Service Reservoir No, 2.—The site selected is situated in Survey No. 
212, close to the Collector’s compound. 

The contents = 6,00,422 gallons, or 24 days’ supply. 

The reservoir to be circular in shape on plan, 98 feet 6 inches mean 
diameter. 

For general design and dimensions sce Fig. 3. 

The nature of the material on which the building is to be constructed 
consists of muram and rock of various degrees of hardness mixed with 
boulders; it will be necessary, owing to the porous nature of the soil, to 
lay concrete all over the floor of a total thickness of 12 inches. 

The foundations of the walls to be excavated to R. L. 236:00, and 
filled in with concrete for a height of 5 fect; on this foundation the main 
walls to be constructed of the dimensions and section shown on the plan. 
This superstructure to be of the best rubble masonry, coped with an 
ashlar cornice, as shown. 

The radiating and intermediate wall to have arches as shown, and to 
be of the design and several dimensions shown in Fig. 8. 

The roof to consist of plain galvanized iron sheets laid on the walls 
and on intermediate T and L iron bars, 
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The floor to be plastered with Portland cement, and the exterior walls 
to be pointed on the outside. 

A scouring valve to be fixed in a convenient place to admit of the 
reservoir being emptied and cleared out when necessary. 

Service Reservoir No. 1.—To be similar in design and construction to 
No. 2, but of smaller dimensions, and capable of containing 14 days’ 
supply only. 

Stand-post and Platform Specification.—The stand-posts and platforms 
to be of the general design, &c. 


Abstract Estimate of cost. 








Itemr. | Amount, 
RS | AS 
| 
Steam pumps, engive house, &c., as per abstract, oe es | 27,300 | 
Scttling tank, es ee oe ee as es ee | 15,158 
Main pipes, oe ee ee oe ee es ee ee 46,081 


Service reservoir No.1,  .. as - oe a Py 9,648 


Distributing pipes, &c., .. és ee « aig ~» | 46,807 


Stand-posts and platforms, sca as “ bs ne 5,190 


Rupees, o« (1,65,721 


0 
0 
0 
0 
” » eee ee ve ee oe e. | 15,5387 | 0 
0 
0 
0 
2 


Public Works Establishment, at 15 °Jo, .. ae e- |} 24,858 


Tools and Plant, at 2 Jo, .. es se on bie B,314 | 6 


Total Rupees, os 11,93,894 | OF 0 
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NOTES ON THE FLOODS OF THE SUTLEJ AND EAST 
AND WEST BEYN NALLAHS ON THE SCINDE, 
PUNJAB AND DELHI RAILWAY, AND ON 
THE INDUS ON THE INDUS VALLEY 
STATE RAILWAY. 

{ Vide Plate. ] 


Report by C. Stone, Esq., Acting Agent and Chief Engineer, Scinde, 
Punjab and Delhi Railway, on proposed utilization of eight spans Sut- 
lej Bridge girders. September 1878. 


I wave the honor to invite the attention of the Government of India 
to a proposal to remove eight spans of girders from the Ludhiana or east 
end of the above bridge. 

It will be in the recollection of the Consulting Engineer to Govern- 
ment of the Scinde, Punjab and Delhi Railway, both past and present, 
of my opinion (often expressed) that the bridge was too long, causing 
from such excessive length the wandering of the main channels, the ac- 
cumulation of large sand banks, that consequently contracted the chan- 
nels, and which, there is little doubt, caused the destruction of the brick 
well piers 48 and 49 im August 1876. 

The scour of the main channels between these piers was 62 feet. The 
fallen girders and piers and the stone protection thrown in from time to 
time rendered it quite impossible to sink new piers between 47 and 50. 

I then proposed filling up the deep channel with stone and block kan- 
Kar, sinking a boat caisson filled with stone on the exact site of the old 
well pier and over the caisson (after ramming the stone and kankar with a 
heavy pile driver), erecting what I term a cluster column pier, composed of 
four cast-iron cylinders, fixed to a large wrought-iron bed plate strengthened 

Note.—Many letters, plans, &c., in the correspondence are omitted. Only the lead- 
ing ones have been selected.-—[Eb.] 
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with iron rolled joists. The drawing in detail with full description was 
duly submitted to Government through the Consulting Engineer, sanc- 
tioned at once; the columns were erected, and the bridge re-opened for 
traffic on the 12th December 1876. 

The three spans of girder required to replace the lost three spans were 
removed from the eastern end of the bridge, taken bodily down to the 
gap and erected on the cluster column pier, and in lieu of the three gir- 
ders so removed from the cast abutment, a flood bank of earthwork faced 
with stone was thrown up down to span or pier 56. 

The cluster column piers have now stood two floods, at first there was 
a little settlement and transverse movement as I fully expected, but for 
the past six months they have not moved in the slightest degree. 

In my annual inspection report, dated the 20th of March 1878, page 3, 
I again referred to my belief that the bridge was too long, and that it 
was my intention at the end of the year to re-open this question with a 
view of showing that the bridge, if necessary, might be shortened by eight 
spans. The recent disasters in the Beas and East Beyn Valleys have 
hastened the submission of these views, and I now wish to lay before the 
Government of India a proposal for their careful consideration, and, if 
approved, to solicit sanction for the removal of the eight spans with the 
object of utilizing them for works in the Beas or Kast Beyn Valley. I 
submit two tracings of the eastern end of the bridge training and pro- 
tective works. Tracing No. 1 shows the cluster column pier and stone 
work and caissons upon which they were founded, and tracing No. 2 a plan 
of the training works, old and new. 

After the erection of the cluster column pier, the long groyne 1876-77 
was carried out to protect the eastern end of the bridge, the effect of this 
groyne has been to force the main channels towards the centre of the 
bridge, and the large island has been reduced as shown upon survey for- 
warded with my half-yearly inspection report to the 80th June, dated 
3lst July 1878. The large bay between the groyne 1876-77, and the 
old bank of the river 1871, has silted up, and the eastern end of the bridge 
may now, | am of opinion, be considered so well protected that eight more 
spans may be removed without risk ; in fact, they are practically no long- 
er flood openings; and even assuming that the main channel took a set 
eastwards and attacked the Jarge upper bund and came down against the 
flood bank, we should lose earthwork instead of girder. 
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The plan that I now propose is to connect the end of the 1876-77 
groyne with cluster column pier 48, construct it of stone, or heavy block 
kankar well above the highest known flood, with a good margin for settle- 
ment, and carried into the river ata very flat slope, carrying it well below 
the bridge and out to brick well pier No. 47; in fact, so protect the clus- 
ter column pier 48 as to make it the east abutment of the bridge, and 
backward from this so-called east abutment make a flood bank to connect 
it with the present flood bank of 1876-77, which now terminates at pier 
56, and entirely remove cluster column pier 49 and the eight back spans. 

The early consideration of this subject is of the greatest importance, 
as upon it depends what girders I shall have to send for to England on 
account of the re-construction of destroyed works in the Beas and Beyn 
Valleys, and further, that should it be approved, that I may without delay 
make the necessary arrangement for the removal of the girder, so as not 
to check in any way the traffic of the line, whilst the girders are heing 
dismantled. 

By this mail I forward a copy of this letter and duplicate tracings for 
the consideration of the Chairman, Board of Directors, and their Con- 
sulting Engineer, and have requested them .o telegraph their approval 
or otherwise, pending also the views of the Government of Indis. 


Dated 22nd October 1878. 


Telegram from— Works, Railway, Simla. 
To—Consulting Engineer, Guaranteed R atlways, Lahore. 
Sutle} Bridge girders not to be moved pending report of Colonel 
Forbes, who has received instructions to enquire into the best means of 
preventing dixasters similar to those of this year. 


ee 


Note on the Waterway of the Sutlej Bridge at Phillour. By Magsor J. G. 
Forpes, R.E. 


Dated Jullundur, 19h December 1878. 


The original bridge constracted over the River Sutlej in 1867 was 
4,227 foet between abutments, with 37 piers of 12-5 feet diameter, thus 
allowing a clear waterway of 3,764 feet. 

This length was fixed, not on any measured discharge or any calcula- 
tion, but solely becanse it was observed that at Karianah, a village 
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about six miles above Phillour, the whole flood of the river passed between 
banks about 4,000 feet apart. 

In 1869, in spite of efforts which had been made to train the river 
(see page 340), it changed its course, and, abandoning the bridge, turned 
behind the left (Ludhiana) abutment. It was then determined to add 
20 spans to the 38 already existing, and the bridge thus lengthened was 
completed in October 1870. 

In July 1872 two of the piers, Nos. 16 and 17, were carried away, 
and to repair the breach the gap of three spans was divided into four 
openings of 83 feet each. Dy these alterations the bridge thon consisted 
of 59 spans and 5,730 feet clear opening. Of these spans, however, the 
nine onthe east or Ludhiana bank were carthed up above flood level and 
revetted with stone, so that they were quite useless as waterway. 

In August 1876, piers Nos. 48 and 49 were destroyed; and as the 
fallen girders and piers and the stone protection, which had been thrown 
in from time to time, rendered it quite impossible to sink new piers 
between Nos. 47 and 50, the repairs were exccuted by filling up the 
deep channel with stone and block kankar, and sinking a boat caisson 
filled with stone on the exact site of the old well piers. On this founda- 
tion were erected two “cluster column” piers, composed of four cast- 
iron cylinders fixed to a large wrought-iron bed plate; and the three 
girders required to replace those that were lost were removed from the 
east end of the bridge and erected on the cluster column piers. In 
place of the three girders so removed, the railway embankment was 
extended to pier No. 56, which has thus become the end of the bridge. 
From this to pier No. 50 the spans are blocked up, as stated in the last 
paragraph. Leaving these spans out of account, the clear waterway of 
the bridge as now existing is 4,830 feet, and the width between abutments 
5,518 feet, or upwards of a mile. 

Since the construction of the railway, we have some correct data upon 
which to estimate the probable flood discharge of the river. 

Careful observations have been made for some years in order to ascer- 
tain the flood of the Sutlej, where it issues from the hills at Riipar, 
about 45 miles above Phillour. Major Home, R.E., Officiating Chief 
Engineer, Irrigation Department, Punjab, states the result of these 
observations and actual measured discharges is, that the maximum flood 
over the weir to be built for the Sirhind Canal has been taken at 225,000 
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cubic feet per second, which amount is known to be largely in excess of 
any flood that has ever yet occurred of which there is any record. 

Totally distinct observations by Mr. Palmer, Superintending Engineer, 
Biri Dodb Circle, show that at Ferozepore, 30 miles below the junction 
of the Beas an extraordinary flood of the Sutlej is 270,000 cubic feet 
per second ; but admitting the very improbable contingency of the Beas 
and Sutlej being both in maximum flood at the same moment when 
passing lerozepore, the discharge might amount to 350,000 cubic feet 
per second. 

Going still further down the stream, we find that at Adamwahan, 200 
miles below Ferozepore, the maximum calculated discharge of the Sutlej 
is 370,000 cubic feet per second, and the clear waterway given for the 
Indus Valley Railway bridge is 4,200 lineal feet, or 600 feet less than 
the Phillour bridge, which is 280 miles higher up, and upwards of 50 
miles above the junction of the Beas. 

From these facts then it is apparent that the maximum discharge of 
the River Sutlej at Phillour may safely be taken at 250,000 cubic feet 
per second ; and there can be little doubt that the waterway given to the 
bridge is largely in excess of any possible requirement, even taking into 
consideration that extra scour may occur harmlessly at Adamwahan, as the 
pier wells are sunk to 100 feet in depth instead of 40 as at Phillour. 

The waterway allowed for the East Indian Railway bridge over the 
Soane is the same as that given to the Phillour bridge. The piers are 
not protected, and the wells are less than 40 feet in depth. The Soane 
bridge, which was built 20 years ago, has constantly passed floods of 
400,000 to 500,000 cubic feet per second, and no damage has been done 
to it, although scouring has, no doubt, in a great measure, been pre- 
vented by the Ganges floods backing up above the bridge. But in 
July 1876 it passed 550,000 cubic feet per second when it was not thus 
protected, and no undue scouring took place, as the flood came in a 
direct: course on to the bridge, and was spread over the whole width of 
the mile of waterway allowed for it. 

In the case of the Phillour bridge, large sand banks have been formed, 
which block the waterway. These silt deposits were undoubtedly, in 
my opinion, primarily induced by the oblique set of the stream some dis- 
tance above the bridge, and they have been greatly aggravated by the 
excessive waterway allowed in it. Until last year no direct measures 
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had been taken to remove these banks by cutting a channel through, or 
directing the set of the river on, them; and the consequence was, that 
when the flood came the main force of the stream was confined to a 
channel of only about 900 or 1,000 feet in width, which did not approach 
direct on to the bridge, but, impinging sideways, caused a lateral scour, 
which was farther aided by the stone protection thrown in, connecting 
the space between some of the piers, and not others. This mass of 
stone consequently acted as a subaqueous spur tending to push the 
current over to the unprotected spans. It is therefore not surprising to 
find that for a distance of about 300 feet the bed has twice been scoured 
out to a depth of 60 feet, and that on each occasion two piers of the 
bridge have been carried away. 

In making the above comparison, the cardinal points of difference 
between the two bridges must be borne in mind. 

The Soane bridge is on a practically straight reach of the river, and 
the waterway given to the bridge is contracted. The flood of 1876 was 
748,000 cubic feet per second, of which only about two-thirds passed 
through the bridge, the remainder spilling over the banks and being 
carried off through culverts and flood openings in the railway between 
Arrah and Dinapore. The effect of the contraction, and of the straight- 
ness of approach of the river, is that no excessive sand deposits occur 
immediately above the bridge, and no training works are necessary. 

The Phillour bridge is not on a straight reach of the river, and the 
waterway is excessive. The consequence is that immense sand banks 
are formed, and heavy training works are required. 

With reference to the latter point, I would invite most carefal atten- 
tion to the accompanying map showing the changes in the river from 
1848 to 1868. It will be observed that at Karidnah the high cliff juts 
out like a spur, and throws the stream over to the left, inducing most 
serious cutting near the village of Jamdipur; extensive caving of the 
bank takes place below, and after a considerable bend the river is again 
thrown off fo the right in an oblique direction to the bridge. In page 338 
I mentioned that efforts had been made to “train” the river, allowing 
the word hitherto used in papers regarding the bridge, to stand; but 
I believe that all the measures that have been taken have been confined 
to a distance of about a mile from the bridge, and ought to be looked 
upon as protective and not “training” works; and in this sense they 
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have been entirely successful. To train the river properly, 1 consider it 
should be attacked, as at Narora, with spurs and a longitudinal embank- 
ment at least three or four miles higher up, at the point where the 
Karidnah promontory throws it over to the left; and that once having 
got it into a direct approach, it will not be sufficient to rest satisfied 
with a feeling of thankfulness that the river has passed safely through 
the bridge, and there is nothing more to do. It is absolutely necessary 
that the course of the deep channel should also be carefully watched for 
a distance of at least two miles delow the bridge. 

The objection has been made to throwing out proper spurs or groynes, 
that if these training works arc once commenced, there is no knowing 
how high up the river they may have to be extended. This objection 
does not, I think, hold good. The cause of the oblique set of the river 
is the projecting bluff at Karidnah, and there is no occasion to go higher 
up than this point, especially as the river is here confined between banks. 

It is also stated that it will be useless trying spurs on the Sutlej, as 
they have failed on the Indus. Iam not aware of the circumstances 
under which the alleged failure of the spurs occurred ; but in scures of 
other instances these works have completely answered in diverting the 
course of more difficult streams to deal with than the Sutlej. The Patri, 
Raénipur, Ratmu and Soldni torrents, on the Ganges Canal, were thus 
diverted ; and on the Bari Dodb Canal the Chakki river (where a projecting 
hill, higher than the cliff at Karidnah, was cut through) was turned en- 
tirely from its original course into the Ravi, and compelled to adopt a new 
channel into the Beas. I might enumerate many other instances, but it 
will be sufficient to point to the most recent and complete success of this 
system of training work, as exemplified at Narora, where for a distance 
of four miles above the head of the Lower Ganges Canal, and for three 
miles below, the River Ganges has, in the course of three or four years, 
been altered from its oblique set into a direct approach to, and departure 
from, the weir. 

As the above rivers have been successfully combated, I see no reason 
why the Sutlej should not, in the short distance between Karidnah and 
Phillour, be prevented from forming the dangerous bend at Jamdlpur by 
the proper application of a few spurs and bunds, aided possibly by one 
or two cuts which can easily be made by the steam dredger now at 
Bite. 
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In the absence of recent surveys, it is impossible to speak with cer- 
tainty; but there is little doubt that sooner or later some measures must 
be adopted-—unless the Sutlej is again pursued across the valley by an 
extension of the bridge, or the construction of a new one—in order to 
prevent the river getting behind the present protective works, and attack- 
ing the railway between Ludhiana and the present left abutment of the 
bridge. It is better to adopt measures that will at once strike at the 
root of the evil than to wait until the stream has taken a confirmed set 
towards Ludhiina, when the cost of diversion will inevitably be greater 
and the chances of success more problematical than now. 

I need only allude to the vital necessity of keeping a direct and equ~ 
able section for the main stream of the river in the vicinity of the bridge 
(both up-stream and down-stream), as the importance of this is now fully 
recognized. No amount of waterway will ensure the safety of a bridge 
like the one at Phillour if the whole force of a flood is concentrated in 
a narrow decp channel. From the measures lately adopted, and from the 
future use of the steam dredger, I anticipate that no immediate danger 
on this score need be apprehended; but these measures, to be effectually 
useful, must be persistent, and it will not suffice to clear a channel only 
in the cold weather and let it run its chance during the rainy season. If 
a high flood fortunately comes down at the commencement of the rains, 
the probabilities are, that little more will be required to maintain a 
proper channel; but if, as more frequently occurs, smaller floods first 
arrive, then the main current of the river will require to be carefully 
watched, and much trouble and labour will be entailed in preserving the 
desired equability of the stream. 

When, however, the rough stone protection is completed between all 
the piers, the river will possibly not require that extreme watchfulness 
which it now demands. | 

Adverting to the question of the waterway of the bridge, I would 
refer to my note of December 1870, on the waterway to be given to the 
QOudh and Rohilkhand Railway bridge at Cawnpore, as the conditions of 
the Ganges there and of the Sutlej at Phillour are in three main poiuts 
similar— 

(a). The discharge of the highest recorded flood at Cawnpore was 
230,000 cubic feet per second, or nearly that of the assumed 
(ultra ?) maximum of the Sutlej at Phillour. 
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(5). The flood velocities are nearly the same, as, although the slope 
of the Ganges is less than that of the Sutlej, the rise of the 
river in one case is 14 feet, and in the other only 8°50. 

(c). The Ganges, like the Sutlej, has a tendency to bear away from 


its hard unyielding right bank, and to eat into the soft allu- 
vial deposit on the left. 


In the absence of any accurate measurements at ,Phillour, we may 
therefore consider the actual facts obtained at Cawnpore, and roughly use 
them as auxiliary guides in determining the proper waterway for the 
Sutlej bridge. 

The above flood, which occurred in September 1870, was measured when 
at its height. Surface velocities were carefully taken at every 100 feet, 
and the depths accurately plumbed. Of the full discharge of 230,000 
cubic feet per second, 4,000 cubic feet were diverted by spill, and the re- 
maining 226,000 eubic feet passed between banks 2,200 feet apart, the 
running current being confined to a width of 1,900 feet only, the extra 300 
being slack or back water. In this 1,900 feet the average depth of the 
stream was 18-8U feet, but for a width of 600 feet the actual depth was 
40 feet below flood level. The surface velocities varied from a maxinum 
of 10 feet per second (in a width of 200 feet only) to a minimum of 1:25. 
T’rom these data it was shown that the volume of the river was discharged 
through an area of 85,727 superficial feet, with a mean velocity of 6°33 
feet per second. 

After careful consideration of the whole of the circumstances, I re- 
ported that, in my opinion, the site chosen for the Cawnpore bridge was 
one where it was less hazardous (on account of the meandering tendency 
of the stream) to give acontracted than an enlarged waterway. I stated 
that a cleur waterway of 2,125 feet, with an average depth of about 19 
feet, would be sufficient to carry off the discharge of the river; that 
scouring would, however, extend to at least 40 fect, and possibly more on 
account of the obstruction of the piers, and therefore great care would 
have to be taken in founding them to a sufficient depth. I further add- 
ed that the width and depth of scour would, of course, depend in a great 
measure on the sct of the river; but if the stream was properly directed, 
there was no valid reason why an equable section should not be maintain- 
ed at the railway bridge, and the scouring reduced toa minimum. My 
final recommendation was, that the river for a distance of six miles above 
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(where it was confined between banks which were not overtopped in 
floods), and two miles below the bridge, should be carefully protected on 
its Jeft bank, so as to prevent the formation of any eaving bends. 

The bridge as completed consists, I believe, of 2,600 or 2,700 lineal 
feet of waterway (of which 300 feet are available in land spans, utilized 
in extraordinary floods only), and the wells are sunk to a depth of 70 or 
80 feet, except where they mect with a hard kankar stratum, which ex- 
tends for 6V0 feet from the right bank at a depth of 40 feet. 

In the case of the Sutley bridge, the wells, with the exceptions men- 
tioned in page 345, are one-half the depth of those at Cawnpore, being 
only 40 feet below lowest water level, which is 8:50 below the highest 
flood line. To ensure the safety of the bridge, the scour ought not to be 
allowed to extend to a greater depth than 14 feet below the flood line, 
and this can be accomplished if the bed is entire/y and effectually protect- 
ed with rough stone and block kankar up to the limit shown by the 
shaded ink line in the accompanying sketch. In the deepest part of the 
channel the wells will be 30 feet below the line of scour. 

As on the Ganges, so here in the Sutlej, it is advisable to contract, 
within safe linits, the waterway to be allowed. The section as proposed 
will pass all ordinary floods up to 185,000 cubic feet per second, with a 
mean velocity uf 5 feet a second, and floods of 205,000 cubic feet with a 
velocity of 5:5 feet. The entirc area allowed of 41,400 superficial feet 
is capable of discharging 248,400 cubic feet per second, or a maximum 
flood, with a velocity of six feet only. But in this latter case it is possi- 
ble there may be a slight afflux, not exceeding seven inches, on the piers. 
This, however, is not a matter of much moment, as it is very doubtful if 
the Sutlej ever reaches this maximum; if it does, the velocity with the 
afflux will be only six feet, and as the bed will have a strong stone 
protection, there need be no fear on this account, even allowing that 
the velocity in some parts may be nine fect, as it very likely may be 
even in ordinary floods. This afflux, if it ever exists, will, at a dis- 
tance of three miles from the bridge, be three inches, and the back 
water will have completely died out within six miles, or before it reaches 
Karidénah. 

The section allows of a width of 4,420 feet between abutments, with a 
clear lineal waterway of 3,932 feet, or 168 feet more than was given in 
the original bridge. For a width of 600 feet in the centre, the depth of 
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water is 18 fect, from which it is gradually decreased on a slope of 1:2 
in 100 to cither side. This depth has been fixed not solely with regard 
to the scour in high floods, but also with reference to the practicability 
of getting the stone and kankar protection down to this desired depth. 
It will be observed that this is the depth of the bed of the cold weather 
channel of the river; by therefore turning this channel in the desired 
direction, and confining the stream to one or two spans, the river can 
with safety be made to scour out the bed to any necessary depth, and 
this extra scour might then be filled up with blocks of stone, &c. (weigh- 
ing not less than SU pounds) to 18 feet below Hood line in the centre. 
This stone protection would not, of course, be confined merely to the line 
of the bridge, but would be extended as an apron for some distance both 
up and down-stream, 

Une object: attained by the section is, that the shallow wells in piers 
Nos. 1, 3, 8, 9. 12, which extend only to 30 and 82 feet below low water 
level, will be effectually protected. Many modifications of the section 
may, of course, be made; for instance, the dotted ink line would give a 
superficial area of 10,000 square feet more; or, if the present line of 
stone filling up to pier No. 15 be taken, and again from No. 39 to No. 
47, with the intermediate portion as shown, the superficia] area might be 
nearly doubled; but if this is done, it must be recollected that the water- 
way will again be blocked up by the large sand banks which will inevi- 
tably form, and which have contributed in no slight degree to the disas- 
ters which have occurred to this bridge. 

The shaded ink line shows what is probably the best section to which 
the river might eventually be brought. With the amount of superficial 
waterway given, and the contraction of the lincal waterway froin 4,830 
feet, as at present, to 3,932 fect, the formation of sand banks will be largely 
prevented with the least fear of an accelerated velocity and excessive 
scour as now takes place. When the river has been brought to this section, 
the seven spans on the right bank might be removed entirely, and No. 7 
pier made the right abutment of the bridge. On the left bank the nine 
spans from pier No. 47 to the Ludhiina abutment might be removed 
at once. Six of these spans have never been used (vide page 338), and 
the remaining three spans over the cluster columns are merely capable 
of discharging 900 cubic feet per second,—a totally insignificant amount 
in @ maximum flood when only they would be discharging. 
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The waterway now existing between the Phillour abutment and pier No, 
47 is amply sufficient, if the large sand bank which has been allowed to 
accumulate between piera Nos. 10 and 40 is cleared away, as I under- 
stand it is to be this year. I would, however, most emphatically draw 
attention to the manner in which the stone and block kankar is thrown 
in for the protection of the piers, as shown by the dotted green lines on 
sketch. Each pier is protected for a distance of 10 feet, and for a 
height of 2-5 feet above low water level with stone filling (but in piers 
Nos. 14, 16, 17, 18 and 20 itis carried up to flood level}, From this 
the rough mass of stone slopes down on either side, joining in the mid- 
dle of some of the spans, and not in others. From pier No. 35 to pier 
No. 42 the stone is thus connected, and the effect must be to throw the 
water off on either side and cause an extra scour in the spans, where the 
filling is not complete. These spaces must, therefore, also be connected, 
but in doing this I would guard most especially against carrying up the 
filling too high, and thus practically converting this stone protection into 
a weir. If it is finished across the river at the same height as now, the 
waterway will be reduced to about 30,000 superficial feet, and there will 
be an afflux of about 2:5 feet at the bridge and deep scouring below. The 
effect of this afflux will extend back about 10 miles, and at Karidnah will 
raise the floods by six inches. It would be better to reduce, as soon as 
practicable, the height of this stone, especially from piers Nos. 16 to 36, 
as nearly as possible, to the limit shown in the proposed section. 

Native reports state that more water than formerly now comes down 
the Budhi nallah, which runs at the foot of the high land below Ludhidna. 
If this is the case, the cause of it ought to be ascertained, as there may 
be dangerous cutting of the Sutle] some miles higher up, similar to that 
of the Beas near the Beyn jbils. 

Summarising the conclusions arrived at in this Note, I suggest— 

(i), That the river should be properly trained from Karidnah to the 
Phillour bridge, and that for two miles below the bridge the 
set of the stream should also be watched (pages 340—341). 

(ii), That the formation of sand banks in the vicinity of the bridge 
should be prevented. 

(iii). That the bridge should be curtailed in length by the immediate 
removal of nine spans on the left bank, and ultimately of 
seven spans on the right bank, when the bed has been com- 
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pletely protected up to the shaded ink line on section 
(page 345). 

(iv), That extreme caution should be used in filling in the stone pro- 
tection, so as to ensure the water not being raised at the 
bridge (page 346). 

(v). That the cause of the affirmed increase of the Budhi nallah 
should be ascertained, and measures taken, if necessary, to 
prevent the Sutlej cutting into it. 


Remarks by Cou. J. G. Mepiey, R.E., on Major Forbes’ Note on the 

Sutlej Railway Bridge at Phillour. 

Dated Lahore, 11th January 1879. 

I append a printed Note of my own on the same subject which was sent 
by me to the Agent, Scinde, Punjab and Delhi Railway and to Government 
on the 26th March 1877, which Major Forbes had not previously seen, 
and which will show that Iam quite in accord with the conclusions to 
which he has come as to the superfluons waterway of this bridge. 

We are both in accord with the Chief Engineer, Scinde, Punjab and 
Delhi Railway (Mr. Stone) in considering that nine spans may be safely 
and advantageously taken away from the Ludhiina end (in addition to 
the three which were removed two years ago), and I have authorized him 
to act accordingly, the girders being urgently required for the new bridges 
in the Beyn and Beas Valleys. 

With regard to the seven spans that may ultimately be removed from 
the Phillour end, no present action is required, 

Major Forbes’ third recommendation is therefore disposed of. 

His second recommendation will also be acted upon, as far as possible, 
by the help of the steam dredger, which will be set to work as soon ag 
the river begins to rise. Besides this, however, I believe Mr. Stone 
agrees in thinking that it is desirable to cut one or more channels through 
the sand bank (which may perhaps be kept open by the dredger); it 
would be as well to cut from below bridge upwards to prevent silting up. 

The fourth recommendation I have brought to the Chief Engineer’s 
notice, and requested that stone should not be piled up round the piers 
above the low water line, but that the stone protection may be put in down 
below by taking advantage of the scouring action of the stream. 
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My previous Note will show that I am quite in accord with Major 
Forbes as to the necessity of a continuous flooring right across the river 
between the piers; and but for the late disasters in the Beas Valley, and 
the very heavy work and expenditure now rendered imperative, I should 
have recommended the systematic prosecution of this work during the 
present season over the most exposed portion of the bridge. This, how- 
ever, must for the present be postponed, but I will ask the Chicf Engineer 
to complete the protection round all the picrs if possible. 

I will also ask the Chief Engineer for an carly report on Major Forbes’ 
first and fifth recommendations. The work thrown on the Engineering 
Department is just now so very heavy, that it will be impossible to under- 
take any fresh work, however advisable, which is not urgently necessary ; 
but the dangers noted by Major Forbes should certainly not be Jost sight 
of. It would seem desirable, as soon as possible, to have a survey made 
of the river banks up to Karidnah in continuation of the survey plan of 
1868 (is there no more recent one ?), so as to show how far the river has 
encroached on the left bank within the last 10 years. 

The danger of the Karidnah (natural) spur is sufficiently obvious from 
an inspection of the plan; and but that this spur evidently protects so 
many villages below, the bridge and railway bank would evidently be 
much safer if this spur were cut or blasted away. If this should not be 
done, however, then it would secm advisable to construct a counteracting 
spur or spurs from any convenicnt spot on the opposite bank ; and secing 
how successful such spurs have proved at the Beas and elsewhere, I deci- 
dedly recommended that the feasibility of such a work should be examined 
and reported on at an early date. 

Since these Notes were written, the waterway has been reduced by 
nine spans, to the manifest imnrovement of the uniformity of the flow 
during the heavy floods of the present season. 


Notes on the Sutlej Railway Bridge, Phillour. By Cou. J. G. Mepury, 
R.E. 
Dated Lahore, 26th March, 1877. 
Having lately inspected the work in progress at Phillour in company 
with the Chief Engincer, Scinde, Punjab and Delhi Railway, it may be 
useful if I note the present state of the river and bridge at this import- 
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ant crossing, and give my opinion on the works now in progress for pre- 
venting further disastrous breaks. 

Error of increasing the orignal waterway of the bridge.—Several years 
ago, when it was determined to add 20 spans to the original design for 
this bridge, I ventured the opinion that such a proceeding was wrong ; 
that if the perpetually shifting current of the river was thus to be followed, 
there was no security that the whole valley from Phillour to Ludhiana, 
five miles wide, would not have to be bridged; and that the right course 
was to complete the embankinent according to the original design, and 
then to guide or force the river through the bridge. I might have 
added that it was much better to fight the river before the line was opened 
than after. 

Faults in design and construction of the bridge.—Three faults appear 
to have been committed in the design and construction of this bridge— 
Ist, by the small spans used the points of danger have been multiplied, 
and the river has been needlessly obstructed, heavy silting above bridge 
being thereby encouraged, if not caused; 2nd, the pier cylinders have 
not been sunk sufficiently decp to be safe from scour; 37rd, too large a 
waterway has been given to the bridge, so that there is no proper scour 
through the openings by which the accumulated silt banks would be 
swept away, and the course of the river above and below bridge tos 
certain extent would have been kept straight. 

Danger of the present state of the bridge.—At present the danger of the 
situation is this—The greater number of the bridge openings are choked 
up by silt deposits, and the whole dry season channel practically flows 
through 10 or 12 out of the 55 openings. When the river comes down 
in flood, the water must pass, and will evidently pass, by the line of least 
resistance, that is, it will force a road for itself, either by cutting away 
the silt deposits under the blocked up openings /aterally, or by scouring 
out the bed vertically, as it has more than once unfortunately done to a 
measured depth of 50 or 60 fect, z.¢., below the bottoms of the pier 
foundations. 

Provision of a continuous flooring recommended.—As then there would 
appear to be no practicable mode of now sinking these foundations to a 
further depth so as to be safe from scour, and as even if this could be 
done there would still be risk of failure from want of lateral stability in 
such long, slender, isolated columns, it only remains to secure the bed in 
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such a manner that the flood water may find it harder to tear this up than 
it will be to cut away laterally the heaped up sand banks. In other 
words, 1 do not think the bridge will be safe until there is a continuous 
stone flooring right across the whole bed between the piers, which will have 
to be renewed steadily until it has virtually become permanent. This is, 
of course, the well known plan by which Madras Engineers have always 
secared the shallow foundations of their bridges, as opposed to the Bengal 
plan of deep foundations and no flooring. The difficulty in the present 
case arises from tle absence of good stone in the neighbourhood, aud the 
cost and time required for procuring it. 

Kinds of stone used.— What is now being used is either (1) block kan- 
kar dug in various places, and averaging Rs. 12 per 100 cubic fect on the 
work; (2), boulders brought down the river by buat, costing Rs. 10 per 
100; (3), stone from Ripar brought in trucks by the branch line from 
Doraha, costing Rs. 15 per £00. 

Of the above the block kankar appears of good quality and fair size 
generally; but there is no doubt that without syd supervision a very 
worthless material might easily be furnished by the Contractors, which 
would simply be useless for the purpose required. 

The boulders are nearly all small, and can only be properly utilized by 
putting them into crates and nets, as is now being done. If thrown in 
loose, they will simply he carried away. 

The stone from Rupar is of good quality, but only a small quantity is 
procurable withont interfering unduly with the Canal works. It should 
be quarried in the largest possible blocks and reserved for protecting the 
most exposed and dangerous places. 

Flooring is to a certain extent being formed.—By a section very care- 
fully taken qnite lately un the spot, it would appear that the stone thrown 
round the piers during the varions years has gradually spread so as to 
meet, thus forming a flooring under the several spans. As yet, however, 
this flooring is, of course, slight, and neither in width nor depth suffi- 
cient to resist the scouring action of the stream when in flood. And it 
appears to me that the provision of a sufficient flooring, such as has been 
described above, should now be systematically undertaken until the whole 
is made safe, 

Present state of the bridge.—~At present the state of the case is this— 
Out of the 55 spans of which the bridge consists, 40 of them (counting 
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from the Phillour bank) are now (March) dry, and silted up to various 
depths below the girder. The river is now running through the next 10 
spans, the remaining five being dry. Of the 10 spans through which the 
water is now flowing, the four nearest the Ludhidéna end have no great 
strength of current through them, a considerable silting up having taken 
place by means of the stone bunds and tree spurs which have been con- 
structed since October last, in order to check the action of the river to- 
wards this bank, and to throw the water more towards the middle of the 
bridge. 

The effect that has been thus produced appears to me very promising, 
and tends to show that, had the bridge been made with the restricted 
waterway originally intended, it would have been quite feasible to have 
guided the river through it, as has been done in other cases. The chan- 
nel appears to be widening itself gradually by cutting away the sand banks; 
and if this action continues for the next two months, there is good hope 
that the main channel may be flowing through a sufficient number of spans 
to prevent any severe scour at one or two of them. 

Protection of the pters.—The piers of the bridge are now being pro- 
tected by the Chief Engineer by means of a double row of wooden crates 
filled with stones, placed at a distance of 30 feet from the pier all round, 
laid at as low a level as they can be placed, the interval between the 
crates and piers being filled with érungahs or nets of stone, and this 
method, in the absence of large stone blocks, appears to me the best way, 
though there is some fear lest, when scour takes place and the crates fall 
down, they may break up under the weight of stone and force of the cur- 
rent, The Chief Engineer proposes to protect all the piers in this man- 
ner, working at first, of course, on those more immediately liable to be 
attacked, and he hopes, before the working season is over, to have nearly 
all thus protected. 

Detailed state of the bridge.—Of the spans nearest the Ludhiana end, 
the three nearest the abutment, i. ¢., up to pier No. 56, were filled up, 
when the girders were removed to replace those that were lost during the 
flood of August last. 

From piers Nos. 56 to 50 the spans were, I understand, filled up three 
or four years ago toa certain height, the filling being protected by stone 
pitching, which filling or flooring during the floods of last year virtually 
acted as a spur, the current running parallel to it, and so acting with 
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increased violence against the next spans which were not thus floored, and 
so scouring out two piers. The object of partially filling up the eight 
spans nearest the Ludhiana end was evidently to resist the set of the river 
upon this end of the bridge, and seems to show how soon it had been seen 
that the provision of increase of waterway at this end was a mistake. 

These piers (56 to 50) are at present being protected in the above 
manner, and will all be completed before flood. And the action of the 
stone bunds and tree spurs, as above explained, has been so far satisfac- 
tory, that there is no present danger of this portion of the bridge being 
attacked. 

The next two piers, Nos. 49 and 48, were the two that were lost last 
year, and which have been replaced in the manner explained in Chief 
Engineer’s No. 419, copy of which is attached, and which was approved 
by my predecessor, Colonel Pollard. It consists, as will be seen by look- 
ing at the plans sent up, in replacing the brick cylinder piers by a cluster 
pier of four cast-iron columns filled with concrete, resting on a platform 
which is virtually carried on a pierre perdue foundation. Its permanent 
safety, supposing it to be again attacked by the river, will, I think, depend 
on the efficiency of the flooring provided between the piers to protect it 
from scour, and on the ability of the slopes up and down-stream to resist 
the action of the water, and, if it succeeds, will show, I think, that with 
an cfficient flooring the piers of the bridge would be safe, even if sunk to 
a less depth than they now are. To ensure this the flooring should be 
laid with good sized blocks, the largest being reserved for the upper sur- 
face and for the protection of the up-stream slope. At present this 
portion of the bridge is a good deal protected from severe action by the 
tree spurs above-mentioned. 

The next portion of the bridge between piers Nos. 47 and 42 is that 
which, according to present appearances, will be most severely tried this 
year, not only because the main stream is now running here, but beeause 
the adjacent stone flooring of the mended spans will have a tendency to 
act as the blocked up spans did last scason. To guard against this, the 
holes round the piers have been filled up with stone to bed level, and on 
this the protective work of crates and nets has been placed as above des- 
eribed, while the flooring of the partially blocked up spans has been 
dished from the east end downwards towards the centre, so as to admit 
a certain flow of water over it. 
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To fill up the spans themselves to floor level with stone in such a depth 
of water as is now running, and with the present means available, would 
be almost impossible, while, even if carried out, it would not be efficient 
unless the flooring was at once continued right across the river, because the 
new flooring would only deepen the action of the water on the next spans. 

The remainder of the bridge from pier No. 42 to 1 is at present dry ; 
the piers are being gradually protected, as above described, in addition 
to the quantities of stone (from 10,000 to 40,000 cubic feet) which have 
been thrown round them at various times. There is no flooring between 
these piers except (as already explained) what has been partially formed 
by the meeting of the masses of stone thrown round the piers, but which 
in my opinion should be supplemented by masses of stone systematically 
laid up to within say 3 feet below fair bed level, and for a width not 
less than the length of the pier (12 feet 6 inches), with a good slope both 
up and down-stream. 
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The thickness of such a flooring must, of course, be determined by the 
river itself, z.e., renewals of stone must be made until all scouring ac- 
tion ceases, 

Further restriction of the waterway.— When the floorings are complet- 
ed, it will, I think, be found perfectly expedient to take away more of the 
spans from the Ludhidna end, closing the bank, and contracting the 
waterway, so as to secure a proper and equable scour through the whole 
length of bridge, or constructing a bank of stone in an oblique direction 
from the east abutment up the left bank, as has been done in the case of 
the Chenab. Nothing would tend so much to keep the river straight in 
its course above. So long as it has so large a width to wander over, it 
is impossible to say at what point in the valley (between Phillour and 
Ludhiana) it may not try to force its way through the line of railway. 

lt may perhaps be asked whether the cost that will have to be incur- 
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red in putting in the enormous quantities of stone that will be required 
for this flooring will not be almost as great as would suffice to build new 
piers sunk to a proper depth, and it is quite possible it may be the case. 
The cost of the flooring, however, will be spread over several years, and, 
if gradually and systematically done, there should be no waste of money, 
though, until it ts done, the bridge will always be a source of anxiety. 

Object of this Note.—The object of the present Note is—l1st, to show 
how matters at present stand, and what in my opinion are the causes of 
danger; 2nd, to systematize as much as possible what is being done to 
guard against that danger. For this latter purpose I would urge that 
special attention should be directed to getting the largest possible blocks 
of stone; and that as soon as the well piers are all protected in the man- 
ner proposed by the Chief Engineer, the stone flooring between the piers 
should be systematically laid down. It is evident that this should not be 
done span by span; otherwise, as already pointed out, these floorings 
would act as spurs to deepen the action against the spans adjoining them. 
It appears to me that the flooring should be carried on as far as possible 
simultaneously, at any rate over the portions of the bridge immediately 
attacked, only large blocks of stone or (in their absence) very strong 
crates being used (so that whatever is put down may not be swept away), 
or by taking advantage of each portion of the river as it happens to be 
laid dry in successive cold seasons, (if necessary silting it up by artificial 
means,) putting down a floosing of considerable thickness, which, of 
course, must be renewed as it sinks. 

Fortunately, the Phillour end of the bridge may, I think, be consider- 
ed naturally secure, and the Ludhiana end will, I hope, in time, by work- 
ing on a system, be artificially made secure also. My fear is, that unless 
systematic means be adopted, much of the heavy expenditure incurred 
will be thrown away by pitching in stone which may be swept away, and 
in places where if can do no good. 

I may add, that the Chief Engineer, Mr. C. Stone, to whom I have 
read this Note, concurs generally in its ideas and recommendations, 
which is all the more important; that I fear the Company will shortly 
lose the benefit of his experience and services for a time owing to the 
state of his health, and I am anxious that what we both concur in should 
be acknowledged and acted upon by his successor and subordinates. 

Dredger.—Mr. Stone also strongly recommends the employment of a 
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steam dredger to cut channels through the silt banks in the cold weather, 
and assist in regulating the equable flow of the water through the bridge; 
and I am inclined to think that the employment of such a means would 
be a very valuable auxiliary, notwithstanding the danger which I cannot 
help fearing of the early freshets silting up the dredged out channels. 
This will, however, be separately discussed when the estimate is sent up. 

Copies of Chief Engineer's letters describing in detail the means em- 
ployed for closing the late break and those now being carried out for 
protecting the piers are appended to this Note. My predecessor has, I 
believe, already recorded his opinion of the ingenuity, ability and untiring 
energy with which the work of restoration was carried on by Mr. Stone 
and his subordinates. 


Rg-construction Works 1n Tne East Beyn ann East Bras Vauueys, 
ScinpzE, Ponsas anp De.ai Raitway.* 


Dated 8th October 1878. 


From—CxHarxes Srons, Esq., Chief Engineer. 
To—Acent, S. P. and D. Railway Company. 


“ Flood Damages 9th and 20th August 1878.” 


“ Beas Valley."-——-The serious destruction to the Company’s bridges 
and works in the Beas Valley, again necessitates the re-opening the 
question of more flood openings in the valley. Results anticipated by 
me since the introduction of the causeway system in the Grand Trunk 
Road above the line of Railway, and commented upon flood season after 
flood season in reports and letters up to the present year inclusive. Be- 
fore entering upon the question of amount of waterway to be given in 
lieu of the destroyed bridges, I venture to lay before you extracts from 
such reports and letters (Appendix A) not from any intention of further 
discussion, but in support of my views, that the time would come by the 
extension of the causeway system (and thereby drawing the river in 
flood towards them), when it would become necessary to viaduct the 
whole valley. And also to show that in not providing sufficient water- 
way under the line of Railway to meet the increase in the Grand Trank 


* Note,—Plate to Article No. CCCV. is a general plan of this Valley. 
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Road was from the uncertainty of what the Department Public Works 
intended doing; first accepting my proposals to raise the causeways, 
and last year withdrawing that acceptance, when it was too late for me 
to do more than build a new bridge of two spans of 50 fect at the Chatar 
Singh Nallah (which has fortunately stood), doubling the waterway of 
the Ramidi, and strengthening the Hamira; the two latter were en- 
tirely destroved in the last floods. 

Originally the Company’s Engineers had to deal with the Western 
Beyn river and defined nallahs, carrying a moderate amount of spill 
in high flood of the River Beas. 

That period has now passed, and by the encroachment of the river so 
much further eastwards, we have now to accept the conditions anticipated 
by me, and to deal with the waterways in the Beas Valley to meet what 
I term a branch of the Beas river in high flood. 

To show the large increase of waterway made by the Engineers of 
Department Public Works in the shape of causeways, since the con- 
struction of the Railway, and to endeavour to arrive as far as possible 
at the amount of waterway required, I would invite attention to the 
accompanying sections of the waterways at the Grand Trunk Road in 
1871 and 1878. 

The original openings of 1866 are shown in black, copied from records 
in my office. The 1878 sections are shown in red, and were taken last 
cold season with the very object of laying before you the enormous dif- 
ference or increase of water passage that we had to contend against. 
The 1871 area aggregates 6,313-54 superficial fect, the 1878, 26,650-49 
superficial feet up to flood line of this season; but it will be seen that 
this is not the limit, there is nothing to prevent its rising much higher. 

Appendix C.—Is a statement showing the original amount of water- 
way built for the Railway, viz., 8,663 superficial feet, and the increases 
from time to time up to the serious destruction which occurred on the 
19th and 20th of Angust last. 

Appendix D.—Is a statement showing the amount of waterway, 
viz., 17,992 superficial feet required to assimilate with the area of the 
present or existing state of affairs on the Grand Trunk Road. 

In Appendix D—It will be observed the description of girders are 
given to correspond with the girders of the bridges destroyed, hoping 
that some at any rate of these may be recovered. The temporary di- 

356 


NOTES ON FLOGDS OF EAST AND WEST BEYN. 23 


versions having been completed, my staff are now engaged taking sound- 
ings and notes, with the view to ascertain, if it is possible, or worth the 
expense to endeavour to raise them; and on the success or failure of the 
attempt, Appendix E will show the number of girders required of the 
same length as those of which the bridges were constructed; assuming 
as shown under “ Remarks” that the Government adopt my proposal, 
dated 13th September 1878, to dismantle or remove eight spans of the 
Sutlej Bridge. In anticipation of our requirements, I forwarded to the 
Chairman, Board of Directors, outline drawings of the description of 
girders that might be required, under initia! letters to prevent mistake 
in transmission of orders by telegraph. These drawings are by this time 
in the hands of the Directors, or should be in a few days. And in my 
letter of instructions I reqnested that our Consulting Engineer in Eng- 
land should hold himself in readiness to despatch (upon receipt of 
telegram) with as little delay as possible the girders required. 

An alternative to having girders as noted in Appendix E., would 
be to span the rivers and large nallahs with the large girders from the 
Sutlej, and what might be recovered from destroyed bridges, and to 
supplement them by a standard girder, say of 30 feet, to be used as 
multiples to viaduct both the Beas and East Beyn Valleys, (a draw- 
ing for this girder has also been prepared for the guidance of the 
Board.) 

I would strongly advise this alternative, it would be cheaper, more 
expeditously built, and in case of future accident, much more easy to 
recover, less loss if not recovered ; and duplicates could be made in the 
Railway workshops, should increases at any time hereafter be necessary. 

The East Beyn Valley.—At present the full detail of what is required 
here I have not had time to work out, as it is a matter requiring some 
considerable attention, taking the enormous rainfall of 16 inches in 24 
hours in the district, added to the drainage area of the Hoshidrpur 
hills which comes down with a rush. 

Approximately we can prepare for this; at any rate a minimum num- 
ber of girders should be ordered. 

The East Beyn Railway bridge destroyed was one centre span of 110 
feet, and two side spans of 82 feet girders. The piers carrying these are 
destroyed; the abutments are standing, and to all appearance sound; and 
for this bridge (as new piers could not be got in at their former position) 

857 


24 NOTES ON FLOODS OF EAST AND WEST BRYN, 


I intend (assuming the abutments are found all right upon oe minute in- 
spection) to sink one centre pier, and span the river with two spans in 
lieu of the three above referred to; and if the fallen girders should be 
recovered, these would be used in the Beas Valley works. And in addi- 
tion to the main bridge to put in multiples of 30 feet girders as a viaduct 
between it and the new 40 feet erected the past cold season, and similarly 
eastwards towards the double 10 feet girder opening, also put in last cold 
Beason. 

A large amount of bridging must be provided for; and there is no 
reason why a minimum quantity of girder work should not be ordered at 
once, upon its being decided what description of girders may be used, and 
subsequently decide upon the balance or maximum. 

The amount of work to be carried out, it will be seen, is very extensive, 
and which must be finished before the 30th of June 1879. And unless 
I have immediate sanction for the girders and provisional sanction to col- 
lect material, such as making curbs for wells, brick making, &c., I cannot 
be responsible for the execution of the work by the flood season of 1879. 
And in addition to this immediate provisional sanction, I trust that a 
liberal amount of discretionary power be given me (of course under the 
supervision of the Government Consulting Engineer) to enable me to 
push on the work without a day’s delay. I have already arranged as a 
temporary measure the re-disposition of my Engineering staff, so that by 
an equal division and distribution of the work, the present staff can carry 
it out, with a good number of Inspectors. 

Since writing the foregoing, [ find from copy of a letter received from 
Superintending Engineer, 2ud Circle, Punjab, to his Executive Engineer, 
forwarded to me for information. That it is the intention of the Depart- 
ment Public Works to increase the waterway on the Grand Trunk Road 
by more canseways; evidently accepting the inevitable. The informa- 
tion is too brief to enable me to include this proposed extra in my state- 
ment of girder requirements, but it shall follow as a supplement to the 
present list, as soon as I am in possession of sufficient data. 


No. 4582R, dated 25th October 1878. 


From—-The Government of India, P. W. Department. 
To—Masorz J. G. Forsus, R.E. 
I am direeted to request that you will at your earliest convenience pro- 
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ceed to the Beas and Satlej Rivers, and, after careful personal examina- 
tion of the railway river crossings, as well as the valleys, for some miles 
above them, place yourself in communication with the Agent, Scinde, 
Punjab and Delhi Railway, Mr. Stone, and the Consulting Engineer for 
State Railways, with a view of submitting in conjunction with them, pro- 
posals for preventing any further breaches of the railway from the over- 
flows of these rivers. 

You should also report what measures are best, in your opinion, for 
attaining and securing a straight current, in a perpendicular direction, 
to the railway bridges at the Sutlej and Beas crossings, It is proposed 
to reduce the size of these bridges, but it is evidently not desirable to do 
so, if such reduction necessitates the construction of new bridges at some 
other points in the valley. 


Note on the Waterway of the East Beyn Nadi. By Masor J. G. Forres, 


R.E. 
Dated Lahore, 30th November 1878. 


Discharge through bridge.-—The Railway bridge over the East Beyn 
consisted of one centre span of 110 feet and two side spans of 82 feet 
girders. 

The actual superficial amount of waterway during the height of the 
flood of 19th and 20th August 1878, just previous to the destruction of 
the bridge, was 7,646 square feet. 

The afflux on the bridge was 3 feet, and with a velocity of approach of 
5 feet, the mean velocity through the bridge would be 9-95 feet per second ; 
and the discharge 76,078 cubic feet per second. 

Discharge through flood openings—On the right bank there are two 
flood openings, A and B, with waterways of 396 and 640 superficial 
feet. The afflux on A was 3 feet, and on B 2 feet. With velocities of 
approach of 2 feet and 1 foot, the mean velocity through A would be 
8:90, and through B 7:14 feet per second; and the discharge through A 
3,524 cubic feet, and through B 4,570 cubic feet per second. 

On the left bank there is one flood opening OC, with a waterway of 240 
superficial feet. The afflux was 2 feet, and with a velocity of approach 
of 2 feet, the mean velovity would be 7:19, and the discharge 1,726 cubic 
feet. 
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Total discharge through bridge and flood openings.—The total discharge 
of the river would therefore be 85,898 cubic feet, as follows :— 





Through bridge, eee «. 76,078 cubic feet per second. 
” ’ vee ose 3,524 - - 
9 ’ ave eee 4,570 ”? ” 
” C, eee eee 1,726 ” 99 
Total, ... 85,898 9 me 





This calculation, it will be noticed, is based on the probable supposition 
that the bridge and banks stood until the maximum flood was attained. 

Discharge through breaches —But the bridge was destroyed, the flood 
openings damaged, and large breaches made in the bank. Working ont 
the discharge through the breaks, after the destruction of the bridge, and 
when the maximum flood was still running down, it appears from the 
section that the superficial waterway in the centre of the stream was 
8,200 feet. The mear velocity through this portion may be taken at 4 
feet, and the consequent discharge at 32,800 cubic feet per second. 

On the right bank there is an additional amount of waterway IF’, aggre- 
gating 12,000 superficial feet, with a probable velocity of 2 feet; and on 
the left bank a superficial area G of 15,600 feet, also with the same 
velocity; the discharge through F and G therefore would be 24,000 
and 31,200 cubic feet. The total discharge of the river then by this 
approximation would be 88,000 cubic feet per second. 

Discharge by Dickens’ formula.—Dividing the catchment basin of 812 
square miles into three zones roughly parallel to the hills, and applying 
Dickens’ formula, with the coefficients 825, 412 and 206 for the north 
or hill, the central and the southern zones, according as the slope of the 
country decreases, we find the following discharges :— 


For bill zone, coe awe eo. 44,400 cubic feet per second, 
” central zone, 6 see eee 22,100 99 7 
” southern zone, oon eee eee 18,600* 39 pS 
Giving a total discharge of ... 85,100 ” ” 





Discharge from rainfall.—Referring now to the rain gauge registers, 
it appears that on the 18th Angust there was a fall of 12 inches at 
Jullundur, and of 4-9 at Hoshiérpur on the west of the catchment basin, 
and of 4:5 inches at Garhshankar to the cast of the basin. This would 
give a total fall of 232,000 cubic feet per second. Previous to the 18th 


there had been little or no rain for some time; the usual amount of -35 
* Equivalent to a coefficient of 560 for total area, 
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of the above amount, or 81,200 cubic feet per second, may therefore be 
taken as the probable discharge of the nadi on the first day of the flood. 

On the 19th August 4:5 inches fell at Jullundur and 14:2 at Hoshidr- 
pur, but there was no rain in the eastern half of the catchment basin. 
This would give an amount of 167,700 cubic feet per second to be dis- 
posed of. As the ground was wet with the previous day’s rain, if we 
take ‘50 as the proportion discharged, the flood in the river on the second 
day would be 83,850 cubic feet per second. 

Discharge by O'Connell’s formula.—These calculations can again be 
checked by the aid of O’Connell’s formula; but in order to use this we 
must know the modulus of discharge of some analogous river. The only 
one approaching to the same conditions as the East Beyn is the Sohan 
nadi, which crosses the Lahore and Peshawar Road. The value of M 
for this stream, as calculated by Colonel O’Connell, is 141. Its catch- 
ment basin is 573 miles, and its slope is about 9 to 7 of that of the East 
Beyn, from which data the modulus of the latter would be 109. Apply- 
ing this the discharge would be 83,875 cubic fect per second. 

Probable discharge.—Abstracting the results of these approximations 
to the true discharge, we have— 

Through bridge and flood openings, 85,898 cubic feet per second. 


Through breaches,  ... «. 88,000 a ‘9 
By Dickens’ formula, ... -- 85,100 i; re 
By rainfall, ... sae ee. 83,850 om 7” 
By O’Connell’s formula, «. 83,875 





Giving a mean discharge of,... 85,345 





or 105 cubic feet per second per square mile of catchment basin, which is 
equivalent to a fall of 4 inches of rain over the entire drainage area of 
812 square miles, without allowing any loss by absorption, &c. 
Waterway required.—Accepting 85,000 cubic feet as the probable 
discharge of the East Beyn, in order to pass this amount with a mean 
velocity of 6 feet per second, a superficial waterway of 14,167 square feet 
would be required, or 17-50 square feet per square mile of catchment 
basin. With a depth of water not exceeding 25 feet, or 5 feet less than 
the height of the late flood, this would entail a lineal waterway of 567 feet. 
Waterway given.—The actual amount of waterway given was 9°75 eu- 
perficial feet per square mile of basin. This, although amply sufficient in 
the case of ordinary streams running down a Doab, is, as is proved, entirely 
inadequate for the great floods which occasionally come down rivers, like 
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the East Beyn, which are at a distance of 25 miles only from the foot of 
the hills. 

Waterways on the East Indian Railway.—The average amount al- 
lowed for the waterways of the hill streams crossed by the East Indian 
Railway in the Réjmahal District is 43-40 square feet per square mile of 
catchment basin ; but this is calculated on Cautley’s formula, which gives 
a waterway of about one-third in excess of the actual requireinent, and 
besides this, these streams are crossed in, or at the foot of, the hills; and 
the catchment basins are small. 

Waterways in the Gandak embankments.—In the outlets in embank- 
ments in the lower part of the Saran District, which is about 50 miles 
from the hills, 10 superficial feet per square mile of drainage area was 
originally given; but this was found to be too small, and from 13 to 14 
superficial feet is now allowed. 

Probable correctness of waterway recommended.—Judging from these 
facts, the above amount of 17-50 superficial feet per square mile of catch- 
ment basin may, I think, be safely taken as the proper discharging 
capacity of the Railway bridge over the Hast Beyn. 


Ae Ramm RO 








Note by Cot. J. G. Mevury, R.E., on the requisite Waterway to be 
given to the East Beyn River where crossed by the Scinde, Punjab and 


Delhi Railway. 
Dated Lahore, 4h December 1878. 


1. The bridge over this river having been entirely destroyed during the 
floods of August last, as already reported to Government, and in such a 
manner that the waterway provided was clearly inadequate, it becomes 
necessary to consider what size of bridge will be needed, and that without 
loss of time, so that the Chief Engineer may proceed without delay to 
complete the work before next floods. 

2. The waterway provided on the first construction of the line (11 years 
ago) has hitherto proved sufficient, and Colonel Po)lard’s report on the 
breaks of 1875 does not even mention the East Beyn. In 1876, how- 
ever, a heavy downpour of rain at Jullundur caused such a rise in the 
river, that the water flowed over the bridge planking, and it was therefore 
determined to raise the bridge three feet, and to slightly increase the 
subsidiary waterways. This was accordingly done, but, as the result has 
shown, the further provision has been wholly inadequate. 

3. Major Forbes’ Note gives his conclusions (arrived at by several inde- 
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pendent calculations) that the total discharge to be provided for is 85,000 
cubic feet per second, requiring a provision of 17-50 square feet per 
square mile of catchment basin, instead of 9°75 as previously given. 

4. To provide for this, the Chief Engineer has already beon authorized 
to telegraph to England for the girders of 136 feet span which he re- 
quires to bridge the space between the present abutments still standing 
in lieu of the three spans which have been swept away ; these will pro- 
vide 272 feet. To these may be added two girders of 110 feet which 
the Chief Engineer proposes to take from the east end of the Sutlej 
bridge, and which Major Forbes and I both concur with him in thinking 
may be advantageously reduced in length by at least eight spans. These 
will complete the bridging of the main channel of the river as enlarged 
by the late flood, and will make a total provision of 492 feet. 

5. This amount, with a depth of 25 feet,* as assumed by Major Forbes, 
and a velocity of six feet per second, will pass 73,800 cubic feet, leaving 
11,200 feet to be provided for either in the main channel, or by flood 
openings on the right and left of the main channel, of which 76 lineal 
feet are still standing. Pes Wits SAL AAA GUER 

6. Lobject to any further widening of the main channel, because the ex- 
tra openings would certainly get silted up, and because the requisite 
waterway can be given so much more economically by flood gaps. The 
only danger of the latter is, of course, that they may draw the main 
stream towards them; but as they will only act during very extraordinary 
floods, and after three-fourths of the full waterway is passed down the 
main channel, I see no reason to be alarmed on this score. 

7. These flood gaps will give a depth of 10 feet of water, and, assuming 
a velocity of five feet, would require 224 lineal feet of opening, of which 
76 feet still exist, so that 148 feet remain to be added. These might be 
given by five of the 30 feet girders which Mr. Stone proposes. I will 
speak of the supports for these flood openings presently. 

8. Ido not, however, feel confident, after fully considering the matter, 
that we shall even then be safe with a stream of this very dangerous char- 
acter, the floods in which are produced by such exceptionally heavy falls of 
rain. In his calculation from Dickens’ formula, Major Forbes assumes the 
constant (825) to be true only for that portion of the catchment basin in or 
close to the hills, and reduces its value considerably for two-thirds of the 


* The bottom of the girders should be 5 fect above tho flood line, or 30 feet ubove bed. 
363 


30 NOTES ON FLOODS OF EAST AND WEST BEYN. 


area, as he considers that the employment of the full constant, except 
for drainage basins in or close to the hills, will give extravagant results. 

9. Now referring to the bridge over the Sohan River, quoted by Major 
Forbes (in page 361) as a somewhat analogous case, I find (see Roorkee 
Civil Engineering Treatise, Vol. II., 2nd edition, page 105) that the 
flood discharge was estimated at 91,000 cubic feet from the cross sec- 
tions, being nearly up to the full amount (95,700) required by the 
Tyickens’ formula, while the waterway provided was 18,900 superficial 
feet up to arch springs, being 33 square feet per square mile of basin. 
Major Forbes says the Sohan is virtually a hill torrent, having a com- 
pact rocky basin; but the distance of the Sohan bridge from the hills is 
not less than that over the East Beyn. No doubt the rocky bed will 
ensure a greater full discharge through the bridge than in a stream like 
the East Beyn with its sandy soil, but the greater fall in the former case 
would ensure a discharge through a less area, and I doubt whether so 
much is lost by absorption in a stream like the East Beyn, in the case of 
a heavy plump of rain, occurring as it does when the ground is already 
thoroughly soaked. 

10. Take again the Markanda, which is perhaps a more strictly analo- 
gous case. The drainage basin is 850 square miles; the waterway pro- 
vided at the Grand Trunk Road bridge is 12,876 superficial feet, or 36 
square feet per square mile. Here too, doubtless, the catchment basin is 
more compact (though all other conditions are the same), and therefore I 
would not propose so large an allowance for the East Beyn as 36 feet. The 
discharge of the Markanda by the Dickens’ formula would be 66,825, and, 
it is said, no higher discharge has yet been recorded than one of 48,000 
feet (in 1845),* but this is of course no proof that there may not be a 
greater flood than this. 

11. I will endeavour to get later records of Markanda floods, and to 
examine the case of the Gaggar and any other streams I can get; but, 
meanwhile, while fully assenting to Major Forbes’ view that the Dickens’ 
coefficient gives too large results if applied to streams strictly in the 
plains (like those in the Ganges Dodb, which are virtually parallel to the 
drainage of the country), I cannot see, from the instances I can collect of 
discharges at points 20 or 30 miles only from the hills, where the drain- 
age is crossed at right angles, that the coefficient is too large in a country 


® I measured a flood of about this volume in 1865.—A,. M. B. 
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like the Upper Punjab, where we are exposed to heavy plumps of rain. 

12. In the present case we have had such full warning, and the results 
of failure are so disastrous, that I really do not care to risk anything. I 
would gladly compromise, if I could, by making spill gaps on both sides 
of the bridge, but for this, as the section will show, there is no room. 

13. The discharge to be provided for, if the full coefficient required by 
the Dickens’ formula be given for the whole drainage area, will be 125,000 
cubic feet instead of 85,000 as computed by Major Forbes, or 25 square 
feet per square mile of basin instead of 174; this is equivalent to a fall 
of one inch in an hour over 190 square miles (about one-fourth the catch- 
ment basin), and this seems to me not an impossible amount of rainfall. 

14. If this extra amount is provided in the main channel, it would re- 
quire five girders of 110 feet instead of two as above proposed; it would, 
however, be more cheaply given by adding 800 lineal feet more of flood 
spans, or, say, 27 extra 30 feet girders. 

15. The whole waterway of the East Beyn Valley would then be— 


Lin. ft. 
2 girders of 136 feet, eee een eee see 009 oom 272 
2 ” ] 10 9 tee sce eee one oon = 220 
32 ” 30 ” ave too eee bee oe =z 960 
Small existing girders, site eos ons ase oe cz «76 
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lineal feet in a length of 14 miles, or about one-fifth of the breadth of the 
valley,—a large but not, 1 think, an extravagant amount. 

16. With regard to the flood openings, which would only come into use 
during excessive floods, the Chief Engineer proposes 30 feet girders 
from England, or 16 feet girders made out of old rails as the most eco- 
nomical expedient, and he suggests cast-iron screw piles to carry them. 
I understand, however, that troubie has been experienced on the Punjab 
Northern State Railway viaducts with screw piles from the vibration of 
trains, and I am inclined myself to prefer masonry piers, either sunk on 
wells 15 feet deep, or with inverts, or a concrete flooring four feet below 
the surface, and defended by apron walls, front and rear, as may be found 
most economical. The question of the best unit of waterway for the 
large amount of flood openings that will be required in both the East 
and West Beyn Valleys is one that must depend greatly on the compar- 
ative cost of different methods, and which I have no doubt the Chief 
Engineer will carefully investigate before deciding. 
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17. The cost of the 960 feet of flood opening is, I believe, estimated by 
the Chief Engineer at less than Rs. 100 per running foot of waterway, 
or, say, one lakh altogether. The cost of the large bridge should not 
exceed Rs. 400 per running foot of waterway, or, say, two lakhs, making 
a total of three lakhs. 

I now send the present Note of Major Forbes’ to Mr. Stone for him to 
record his opinion if he wishes, and will ask Major Forbes to add any- 
thing further that occurs to him, when the matter may be referred to 
Government of India for decision. 

Meanwhile, work can proceed to the extent, at any rate, of the water- 
way proposed by Major Forbes, and to which I understand the Chief 
Engineer to assent; proper plans and estimates will of course be prepared 
and submitted. 

I would also ask the Chief Engineer, in the case of this and similar 
waterways which it may possibly be found necessary to increase, to con- 
sider whether the abutments cannot be treated as piers (as carried out on 
Mr. Molesworth’s plan on the Indus Valley Railway) with loose masses 
of stone in lieu of wing-walla, at any rate for the present, so as to save 
time and money. 


Note on the Waterways of the West Beyn and other Bridges in the Beas 
Valiey. By Mason J. G. Forngs, R.E. 
Commencing from the Beas bridge (which is at 593 miles from La- 
hore), the bridges on the Scinde, Punjab and Delhi Railway in the East 
Valley of the Beas are as follows :—~ 





- ge : During flood 

neal (Superficial) Distance from | of 19th and 

Name of Bridge. waterway.| waterway. Luhore. 20th Anguat 
1878 





ote taceeectatenteetaeteadannememeianae tenrenet amen nee eens ast enna ate ell 


Feet. jSquarefeet.| M. Ch. Links. 


Fattuchak, e- ee - 109 977 | 61 70 40 | Stood. 
Mandorab, we oe oe 55 495 | 62 652 10 | Destroyed. 
Hambow4l, ee ee os 102 1,530 | 64 2 75 Ditto. 
Ramidi nallah, .. si es 101 1,166 | 64 63 48 Ditto. 
Ramidi, ee ae ee 202 | 2,242 | 65 49 42] Ditto. 
West Beyn, .. a be 150 | 1,850 1/66 31 341 Ditto. 
Chatar Singh, .. oe ee 96 1,016 | 67 10 0 | Stood. 





a Re 


Total, ea ae 1,008 10,869 


Hamira, ‘ es is 198 2,098 67 26 70 | Destroyed. 
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This amount of waterway gives a mean depth of about 10 feet on floor- 
ings of bridges, and with a velocity of six fect, a capable discharge of 
65,000 enbic feet per second. 

The Fattachak, Mandorah and Ifambowal practically drain one catch- 
ment basin, the arca of which is 14 square miles. The waterway given 
to the bridges is 3,002 square feet, or 214-43 square fect per square mile 
of basin. 

The basin of the Ramidi comprises 55 square miles. The waterway 
given Is 3,408 square feet, or 62 square feet per square wile of basin. 

The catchment basin of the West Beyn is 664 square miles, including 
about 10 square miles of drainage area belonging to the Chatar Singh and 
Hamira, which act as fluod channels of the West Beyn. The waterway 
allowed is 4,459 square feet, or 6°71 square feet per synare mile of basin. 

Now taking out the probable maatmum discharges of these catchment 
basins, and commencing first with the Hambowal, with its small drainage 
arca of 14 square miles. If we suppose a similar fall to that which took 
place at Jullundur on the 18th August 1878, uiz., 11 inches in 14 hours, 
to oecur over the Whole of the basin, and take +85 as the amount passed 
off (the largest coeflicient known is °89, and this was for a drainage area 
of three square miles), we get a discharge of 6,013 eubic feet per second, 
which, as might be expected with such a small basin, agrecs with the 
discharge by Dickens’ formula, with the full coefficient of 825, which 
gives 5,970 cubic feet per second. 

Again, applying Dickens’ formula, with the full coefficient to the 55 
square miles of the Ramidi basin, we get a discharge of 21,000 cubic 
feet per second, which also agrees with that obtamed from the rainfall, 
Bupposiry °78 of the amount to be carried off. 

The full coefficient is, L consider, inapplicable to the case of the West 
Beyn, with its large catchment basin of 664 square miles. In my Note 
on the East Beyn I took 560 as the proper coefficient for that river. I 
considered it was so well known a fact that the Dickens’ formula was not 
applicable with its full coefficient, except for the discharges of hill 
streams, and of small catchment basins, that 1 did not enter into reasons 
for the reduction ; but, as it appears there is still a lingering belief in the 
entire applicability of tho Dickens’ formula, and as I have been invited 
to enter more fully into the question, I propose doing so hereafter, as it 
would be extraneous to the object of this Note to do so now. 
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Accepting 560 as the proper coefficient for the Kast Beyn, as the dis- 
charge calculated by it agrees with that derived from the rainfall, and 
from the flood through the bridge and breaches, as also by O’Connell’s 
formula, I find the coefficient for the West Beyn* would be 619. Ap- 
plying this, we get a discharge of 81,000 cubic feet. 

Checking this by the O’Connell formula, with a modulus of 115, we 
find the discharge to be a little more than 80,000 cubic feet. 

Taking the larger discharge of 81,000 cubic feet per second as approx- 
imately correct for a maximum, it is equivalent to a rainfall of nearly 5 
inches over the entire catchment basin of 664 miles, or about one-fifth of 
an inch per hour. Colonel] Dickens for small areas of 50 miles allows 
only half an inch per hour. 

From the above data then I consider it will be safe to take the mazt- 
mun. discharges of the different basins as follows, viz. :— 


Hambow4él, st sie ie 6,000 cubic fect per second. 
Ramidi, ace eee eee 21,000 Tt ” 
W est Beyn, aoe ene eet 81,000 98 +] 


Total, ... 108,000 


But on the 19th and 20th August these basins were not in maztmwn 
flood. Only 4°5 inches of rain fell over the Hambowdl and Ramfdi areas, 
which, with coefficients of -85 and -75, give discharges of 1,458 aud 4,954 
cubic feet per second respectively. 

On the first day there was a fall of 4°5 inches of rain over two-thirds of 
the catchment basin of the West Beyn, and of 6 inches over the remaining 
one-third. Taking °35 of the amount as the quantity passed off, the dis- 
charge would be 31,500 cubic feet per second. Qn the second day there 
was a fall of 7 inches over onc-half the area, and with a coefficient of -50, 
this would give a discharge of 31,000 cubic feet per second. 

In addition, however, to the amount due to rainfall, there was a con- 
siderable spill from the River Beas, and in order to obtain some approxi- 
mation to the quantity, we must find the amount passing through the 
bridges. 


* Taking 560 for the East Beyn, the coefficient for the Sohan would be 750, and the discharge 
$9,600 cubic feet, which agrecs with that assumed, viz., 90,000 cubic feet, whereas the full coeffick 
ent 825 gives o discharge of 94,700 cubic fect per second. 
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Working this out by the afflux, &c., the probable quantities discharged 























were :— 
oa 
= 23 Due to Due to 
% Ou rainfall, spill. 
aks 
Fattuchak, =e. ee we ee 7,816 
Mandorah, ; oe 4,207 
Hambowal, a és «» | 13,387 
25,410 1,433 | 23,977 
Ramidi nallah, .. ey ao ee |} 10,401 
Ramidi, i aa Se o> | 19,617 
30,018 4,954 | 25,064 
West Beyn,  .. as ae ee | 12,744 
Chatar Singh, .. ee oe ite 8,128 
Hamira, o “e as e- | 19,758 
40,630 | 31,500 9,130 
Total, a e- | 96,058 | 96,058 | 37,887 | 58,171 


Instead of 96,000 if we take 100,000 cubic feet per second as the actual 
discharge, and consider 60,000 cubic feet per second as the spill from the 
river, we shall probably get a very close approximation to the true amount 
of maximum spill, as on the 19th and 20th August 1875 the Beas gauge 
was one foot higher than what used to be considered the highest flood, 
that of 1875. 

Although very unlikely to occur, if we accept the possible as the pro- 
bable, and say that all the catchment basins and the river are discharging 
their maximum at the same moment, the waterway that will have to be 
provided must be capable of passing 108,000 + 60,000 = 168,000 eubic 
feet per second, which, with a mean velocity of 6 feet, would require 28,000 
square feet of opening, and with the depth of 10 fect as now given (see 
page 366), which possibly is too much, a lineal waterway of 2,800 feet, 
or nearly three times as much as that originally provided. 

Reverting to the discharges of the catchment basins during the late 
floods, as shown above, it will be seen that out of the 58,000 cubic foet 
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of spill entering the valley, 49,000 cubic feet passed off by the Hambowal 
and Ramidi basins, and only 9,000 by the West Beyn. At the first 
glance I thonght I had possibly made some mistake in taking out the 
quantities ; but on looking at the section it will be scen that the breaches 
on the Railway are entirely confined to the immediate vicinity of the Ham- 
bowdl and Ramidi nallah bridges in a distance of 13 miles, viz., from mile 
634 to mile 643. In page 367 it will be scen that 214 and 62 square 
feet of waterway per square mile of catchment basin was given; and not- 
withstanding these large amounts, the breaks occurred, thus showing that 
an undue strain was brought to bear on this part of the line. The cane 
of this strain is at once seen by an inspection of the map: the Ramfdi 
and Mandorah are actually flood channels of the river. The Hambowal 
is also practically one, and, besides having to carry off its own share of 
the burden, has to pass some of the spill of the Mandorah. This is 
clearly shown in the longitudinal section up the east bank of the Beas, 
and in the Chief Engineer, Scinde, Punjab and Delhi Railway's reports, 
dated 4th November 1875 and 10th December 1875, on the flood of that 
year, in which both the Hambowal and Ramidi bridges, as well as the 
Hamira, were destroyed, the Ramidi having previously been carried 
away in 1871. Thus in eight years this bridge has been three tinies 
destroyed, and the Hambowil has fared little better. The Hamira is in 
the lowest part of the valley of the Beas, to which tends all the upper 
spill of the river near the Beyn jhils, vide page 371; and besides this, 
the Hamira bridge has to carry off a considerable portion of the West 
Beyn floods. 

Considering these facts, it is not surprising that these three bridges, 
and the Hambowal and Ramidi in particular, should have been such a 
constant source of trouble. 

Lhe fons et origo mali is undoubtedly the flood of the Beas entering 
these channels, and the obvious remedy is to keep out the spill, at all 
events from this part of the line. Although I am far from being an ad- 
vocate for embankments along rivers, I consider it would be very advis- 
able to construct one on the left bank of the Beas for a distance of 16 miles 
from the Railway bridge to near the village of Rurah (opposite Govind- 
pur), between which points the high cliff of the river comes close down 
to the water’s edge on the right bank, and there are apparently no villages 
to be damaged by any possible increased height of flood, which, however, 
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I believe, will practically not take place, judging from the fact that the 
Gandak has been embanked for some years for a distance of about 90 
miles from near the foot of the hills to its junction with the Ganges, 
without any damage being thus caused to the villages which are situated 
between the embankments and the river. The bridge over the Beas is 
amply sufficient to carry off any amount of discharge likely to be brought 
down, even supposing the river to be embanked up to the foot of the hills, 
so no fear need be entertained on this score. The average spill over the 
bank is apparently only o°5 feet in depth (10 feet in the Hamfira and Ra- 
midi), and the average height of the embankment will, therefore, be less 
than 6 feet. 

Above Rirah, the principal place where the river spills is near the vil- 
lage of Mali at the head of the Beyn jhils. There has been a consider- 
able correspondence in the Panjab Public Works Department regarding 
the encroachinent of the river at’ this point. All the officers who have 
visited the spot are unanimous in their opinion that some measures ought 
to be adopted to prevent any further encroachment, and to prevent the 
river cutting into the jhils. 

The Superintending Engineer, 2nd Circle, Punjab, has reconimended— 

(a). The construction of abund and spur at Mali, to throw the river 
again into its right channel. 

(6). The raising of the road from Naushahra to Midni, and thence 
to Rurah. 

(c). The construction of an embankment from the high land at 
Dhanoia along the Sawar nallah. 

(d). The raising of the Bhatt hat road as far as its junction with 
the Naushahra and Midni road. 

These propositions, the total cost of which is estimated at less than 
Rs. 80,000, are now before Government. 

Tf the embankment is constructed from the Beas bridge to Rurah, and 
the measures recommended by the Superintending Engineer are carried 
out, the spill from the river will be entirely shut out of the Beas valley, 
and the waterway to be provided through the Railway can, therefore, be 
reduced to an amount sufficient to discharge the maximum drainage of the 
West Beyn, &c., viz., 108,000 cubic feet per second, with a small margin 
in case of breaches inthe embankment. A provision for 120,000 cubic 
feet per second will probably be found amply sufficient. To pass this 
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amount, a superficial area of 20,000 square feet will only be required, 
and a lineal waterway of 2,000 feet, with the present depth of 10 fect, 
which, however, as an average depth, may, probably be reduced with advan- 
tage,in which case, of course, a greater length of watcrway will be re- 
quired, 

The Grand Trunk Road runs parallel to the Railway at a distance of 
about a quarter of a mile on the north or up-stream side along the whole 
width of the valley from Hamira to near the Beas. When the road was 
first made, timber bridges were construeted over the different streams in 
the Beas Valley. The aggregate waterway provided was 6,313 superficial 
fect, excluding the West Beyn. These timber bridges, however, were sub- 
seqnently removed, and canseways made with a waterway of 26,650 super- 
ficial fect, or upwards of four times the amount originally given, and on 
which was based the size of openings allowed for the Railway bridges. 
No corresponding increase was given to the latter, which therefore had to 
pass off in the same timo a considerably larger amount of water than 
originally calculated for; as formerly, the Grand Trunk Road acted to a 
greater extent as a protective bund, which unless overtopped, only allowed 
a comparatively limited quantity of water to pass through. Since the 
construction of the causeways the Grand Trunk Road can no longer be 
looked upon as a protective cmbankment to the Railway ; and a proposi- 
tion brought forward that the causeways should be built up as weirs, I 
look upon as a probable source of injury, and not a benefit, either to the 
railway, the road, or the villages situated above it. 

It is obvious that some mutual arrangement should be come to between 
the Road and Railway authoritics as to the waterway to be given, and the 
position to be assigned to the bridges and causeways. 


Note by Cou. J. G. Mepisy, R.E., on Waterways required in the Kast 
Beas Valley, Scinde, Punjab and Delhi Railway. 


Dated Lahore, 11th December 1878, 
The bridges on the Scinde, Punjab and Delhi Railway in the East Beas 
Valley were practically destroyed by the floods of August last, and the 
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line broken for a length of six miles, as already reported to Govern- 
ment. It becomes therefore necessary to decide on what steps should be 
taken to restore permanent communication in time before the next rainy 
season. 

Major Forbes’ Note attached shows that the eight streams concerned 
may practically be considered as three drainage lines. Of these, the 
first two, coniprising five bridges (of which four were destroyed), failed, 
not from deficiency of waterway as required by the area of their catch- 
meut basins, but solely in consequence of the spill over the cast bank of 
the Beas. 

The third drainage, comprising three bridges (whereof two were des- 
troyed), was decidedly deficient in waterway, which must here be con- 
siderably increased. 

With regard to the river spill, Major Forbes recommends the construc- 
tion of an embankment along the east bank of the river from the railway 
bridge to a point 16 miles higher up, and estimates that its average 
height will not exceed six feet. If so, its cost should hardly exceed Ra. 
50,000, as Ido not think that any stone facing would be necessary, and 
there can, I think, be no question that its construction would be a great 
boon to the cultivators along the bank who suffered severely during the 
late inundation. 

Above these 16 miles another embankment or embanked road has 
already been proposed by the local Public Works authorities, and 
estimates for it, to the amount of Rs. 80,000, are now, it is believed, 
before Government. ‘This will be so far an advantage to the Rail- 
way that it will shut out the spil) now entering the West Beyn drainage, 
and I should think it quite fair for the Railway to pay a portion of its 
cost. 

If these river embankments are made, a length of 2,500 feet only of 
bridging will be required for the whole valley on the railway, in order to 
provide the waterway due to a maximum rainfall. 

lf these embankments are not made (or until they are made), an addi- 
tional 1,000 lineal feet will be required to pass the river spill, or 3,500 feet 
altogether. The cost of the additional 1,000 feet of viaduct will amount 
to about one lakh, while the full Railway share of the river embankments 
will probably cost as much; but there can be no question that it will be 
better to shut out the spill if possible. 
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The discussion of this embankment scheme will, however, take time ; 
other interests are involved besides those of the Railway, and other par- 
tics have to be consulted before action can be taken. The Railway can- 
not depend on the embankment being made before next floods, and, as 
Consulting Engineer, I have to decide at ence on what should be done 
in order to maintain communication during next floods. 

As above observed, we require 2,500 lineal feet of bridging, whether the 
embankments are made or not; but, as it will not be safe to make this 
unless we can also provide for the river spill, J recommend that this shall 
meanwhile be temporarily provided for by flood gaps between the bridges. 
The total discharge due to this flood spill, as calculated by Major Forbes, 
is 60,000 eubic feet per second,* for which 20,000 square feet of flood 
opening must be provided. Of this, 17,000 square feet must be given 
to the line between the Mandorah and Ramfdi, the balance being given 
to the West Beyn. 

Should we again have a flood similar to last year, the traffic will be stop- 
ped during the passage of the flood waters down the gaps, and some damage 
will be done to the banks, but that is the worst that should happen. 

The flood gaps should have descents not exceeding 1 in 100, and the 
railway banks need only be cut down below the floud line sufficiently low 
to give the required area of flood passage. I sce no necessity for artificial 
protection to the slopes and bottoms further than the usual ballasting, as 
the arrangement is only presumed to be a temporary one. 

Now as to the bridging to be provided at the several streams— 

The Fattuchak bridge remains uninjured or nearly so, and Major Forbes 
shows that there is a superfluity of waterway provided here. No further 
addition will therefore be necessary. 

The next bridge, the Mandorah, has been destroyed ; it had one 60 feet 
girder, and one more may perhaps be added, though not absolutely neces- 
sary at this point. 

The next bridge, the Hambowal, has also been destroyed; it had 102 
feet clear waterway, and this might be doubled, as this bridge, the last 
and the next would have to provide for any spill from the Beas caused by 
any breach in the river embankment. 

These three bridges crossing the first drainage will thus provide 433 


® Nole—¢.e., that was the amount of last season’s flood, which may of course be higher another 


year, 
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lineal feet, or 3,654 superficial feet of waterway for a rain discharge of 
6,000 cubic feet, which might be considerably increased by spill from the 
river without doing harm, though this spill will be separately provided 
for by the flood gap. 

The next bridge (over the Ramidi nallah) had 101 feet clear waterway, 
and might also be doubled for the same reason as the last. 

The next bridge (over the Ramfdi itself) had 202 feet waterway, and 
might be increased to 308, as Major Forbes’ Note shows that the Ramidi 
drainage, though just sufficient, has nothing to spare. 

There will be provision made, as above noted, for a flood gap of 17,000 
superficial feet between the Mandorah and this last bridge. 

These two bridges crossing the second drainage will thus provide 505 
lineal feet, or about 5,050 superficial feet of waterway for a ruin discharge 
of 21,000 cubic feet; any further increase to this discharge, due to river 
spill, being provided for by the flood gaps above-mentioned, 

We now come to the third or West Beyn drainage. 

The West Beyn itself had 150 feet clear waterway; the Chatar Singh, 
which stood, and which belongs to the same drainage, has 96 feet; and 
the Hamira, also belonging to the same drainage, had 193 feet, making a 
total of 439 lineal feet, or about 4,500 square feet to pass a maximum 
rain discharge of 81,000 cubic feet clearly insufficient. An addition of 
some 9,000 superficial feet is evidently necessary. I would double the 
waterway of the West Beyn itself, add 50 feet to the Hamira, and then 
add 1,000 lineal feet of flood openings between the two bridges, in the 
same manner that I have already proposed for the East Beyn. If this 
cannot be done in time, I would substitute an equivalent flood gap, for 
which I think there is room. 

The total length of waterway to be thus provided in the East Beas 
khédir will thus be 2,577 feet in a length of 74 miles, or about 1-15th 
of the whole, certainly not an extravagant amount in such a valley. 

I have now to remark on the influence of the Grand Trunk Road em- 
bankment as tending to aggravate the results of these floods, owing to its 
position on the up-stream side of the line. 

Major Forbes is of opinion that, as the road embankment was general- 
ly topped by the fidods along its whole length in this valley, the mischief 
done by the pent up waters being let on to the railway through the flood 
gaps must have been less than Mr. Stone supposes, as the road virtually 
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became a drowned weir; but that the destruction of the West Beyn rail- 
way bridge was clearly due to the breach of the road embankment close 
to the road bridge, by which a torrent of water was suddenly poured on 
to the railway bank. The road bank, however, before it was topped by 
the advancing flood, must have poured torrents of water on to the railway 
through the flood gaps, and must, I think, have caused great damage to 
the latter. 

It can now answer no practical purpose to revive any discussion as to 
past proceedings in this matter, but there can be no question that, 
situated as these two embankments are, action should be taken con- 
jointly. 

The railway will be safe from any harm caused by ponding up any fu- 
ture flood against the road bank, if the metalled gaps in the latter are 
made with long gentle slopes, so that the water may not be let through 
with a rush, and there will, I presume, be no objection to this arrangement 
on the part of the Road Engineers. But unless this is done, there will be 
distinct danger to the railway bridges; and I would therefore beg that 
the Punjab Government will direct the Superintending Engineer to place 
himself in communication, without loss of time, on this subject, with the 
Chief Engineer, Scinde, Punjab and Delhi Railway, informing him exactly 
of what is proposed, any difference of opinion being immediately referred 
for decision of higher authority. 

As the metalled gaps ia the Grand Trunk Road are meant to provide 
for the river spill, then they would not affect the safety of the railway, 
if or when that spill was shat out by the embankments above-mentioned, 
—in fact they would not be necessary. 

But until that is the case, they are unquestionably a source of danger 
to the railway. Now, as it is evidently undesirable to provide bridging 
on the railway that may not be required if the spill can be shut out, any 
roadway gaps that are considered essential for the safety of the road, 
must be met by corresponding gaps in the railway as a temporary ar- 
rangement. 

If it is found impracticable to make the embankments in order to shut 
out the spill, then the temporary gaps left in the railway must be replaced 
by a regular viaduct, ° 

The Chief Engineer should of course lose no time in submitting re- 
gular plans and estimates for formal sanction. But meanwhile it is 
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necessary that I should give Government some idea of the probable cost 
of the work. | 

In the first place it must be stated that the girders washed away last 
season are hopelessly irrecoverable; they are buried in deep water, and 
the only one that has been dragged out bas cost a good deal more than 
it is worth. 

The masonry work (piers and abutments on well foundations) is also 
practically destroyed, and the bridges have to be estimated for as entirely 
new works. 

The Chief Engineer will state his proposals in detail hereafter. I have 
discussed the subject with him, and drawn his attention to the cost of 
similar kind of work lately executed on this line, which I think is higher 
than it ought to be. 

Considering that a bridge like that over the Jhelum on the Punjab 
Northern State Railway was made for Rs. 355 per lineal foot of water- 
way, and that over the Chenab, with wells 70 feet deep, was made for Rs. 
550, I think that spans under 100 feet, on well piers 40 feet deep, should 
certainly not exceed Rs. 400 per running foot as a maximum. 

The Chief Engineer estimates flood openings of small girders with 
masonry piers, floorings and drop walls at ander Rs. 100 per foot of 
waterway. 

The cost, therefore, of the 1,372 feet of bridging now to be provided 
should certainly not exceed 54 lakhs. 


This Note is now sent on to Mr. Stone, with Major Forbes’ Note, for 
any remarks he may desire to make. 

The Notes will then be printed and copies sent to the Punjab Govern- 
ment and Government of India. 

Meanwhile, as there is no time to spare, the Chief Engineer, Scinde, 
Punjab and Delhi Railway can, if the views expressed meet with his con- 
currence, proceed with the work to the extent indicated above. 

As it is uncertain whether the work can be completed before next 
season, it is evidently necessary first to make provision for any possible 
early floods by means of proper gaps in the bank, so that any bridges 
under construction may not be risked. 
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No. 262R, dated 15th January 1879. 


From—The Government of India, P. W. Department. 
To— Consulting Engineeer to the Govt. of India for Guaranteed Rail- 
ways, Lahore. 

I am directed to acknowledge the receipt of the printed Notes drawn 
up by yourself and Major Forbes on the subject of the waterways requir- 
ed for the Hast Beyn and East Beas Valleys to prevent the recurrence 
of breaches on the Scinde, Punjab and Delhi Railway in the East Beas 
Valley, andto request that Mr. Stone, the Company’s Chief Engineer, 
may be informed that the Government of India will be glad to receive as 
early as possible an expression of his views on the proposals contained 
therein. 


Dated 18th December 1878. 


From-——-C. Strong, Esq., Chief Engineer, Scinde, Punjab and Delhi 
Railway. : 

To--Consulting Engineer to the Govt. of India for Guaranteed Rail- 
ways, Lahore. 

{ have the honor to acknowledge your No. 2497 of 5th instant, giving 
cover to Major Forbes’ and your notes on flood damages of 19th and 
20th August 1878 in the East Beyn Valley. 

Having discussed the main points and the calculations with yourself 
and Major Forbes on the 30th November, my remarks need not be very 
voluminous, the chief question being as to the length and description of 
bridging to be used across the valley. 

It will be advisable if I take your notes seriatin— 

Paras. 1 and 2—Need no remarks, 

Para. 3.—The calculations of Major Forbes show that the total dis- 
charge to be provided for is 85,000 cubic feet per second, allowing for a 
velocity of 6 feet per second. 

Paras. 4 and 5—Give the amount of lineal feet of waterway required 
for the discharge of the 85,000 cubic feet. The manner of providing for 
this will be fonnd tabulated at the end. 

Para, 6.—I admit (as a general principle) the objectfbns made to widen 
the bridging of the main channel beyond the alteration of having but one 
pier instead of two, with the defined banks of the East Beyn, except that 
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the river by the late floods has been widened out at the bridge by scour 
behind each abutment, and I am of opinion that it would be better to 
span these gaps by the two extra 110 feet girders (making the old abut- 
ment piers) thau putting them away from the main bridge. The channel 
of the river is so well defined and deep, that any silt deposited in moder- 
ate or slack flood would be cleared away in strong flood. 

Para. 7.—I approve of giving the additional flood openings with 80 feet 
girders (or a portion of these additional flood openings might be spanned 
by 16 feet girders made up in the Engineers’ workshops), with brick 
piers on ordinary foundations, the same as at the 40 feet girder bridge, 
and double 20 feet girder bridge in the same valley, a little westward of 
the main bridge, unless upon excavating to put in the foundations the soil 
is found to be unsuitable at any point, when I should use well founda- 
tions in lieu of brick foundations on concrete. . 

Paras. 8 to 15.~—Major Forbes is clearly of opinion that the provision 
for the discharge of 85,000 cubic feet is sufficient, and I should be dis- 
posed to support his opinion. But the destruction has been so great and 
the probabilities (from the evident increase of rainfall in the Jullundur 
and Hoshiérpur Districts) of even a greater rush than 1878, that it 
would be better to err on the right side and give an increase than subject 
the line to further disasters. Had the line been a greater distance from 
the hills, I certainly would not have approved of an increase beyond that 
proposed by Major Forbes. But from its nearness to the lower range of 
hills, and crossing this contracted and deep valley at right angles, I should 
prefer giving an increase beyond that proposed as necessary (for the 
85,000 cubic feet) by Major Forbes. Seeing this immediately after the 
destruction of the bridge, and whilst the flood was partly on, I remarked 
that it looked to require to be bridged with as much waterway as is given 
at the Markandé. But, as you observe that you will endeavour to obtain 
further records which might strengthen your opinion, the length of addi- 
tional flood openings beyond the two 110 feet and the 5°30 feet can be 
accepted, and the work proceeded with pending your further enquiries. 
The objection to the postponement of the question is, that having to tele- 
graph to England for the girders, the delay might very seriously retard 
the completion of the work, should it be decided to carry out your pro- 
posal of 32°30 feet spans. 

Para, 16.—At the time I suggested the 30 feet girders on raking 
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screw piles, and 16 feet on smaller vertical piles, I was not aware of a 
similar principle having been tried upon the Punjab Northern, and found 
not to answer satisfactorily ; and I should certainly prefer using masonry 
piers and 30 feet girders only for this contracted and deep valley; the 
smaller spans I suggested were for the long low flood openings between 
the bridges in the Beas or Western Beyn Valley. 

If the shorter length of bridging of five spans of 30 feet only is used, 
then I certainly would adopt the plan of backing up the last pier with 
stone and using it as an abutment; but if a long length as proposed by 
you is adopted, I would prefer completing the viaduct with the usual 
wing-walls. A further and more important reason for adopting masonry 
piers is, that in estimating for the alteration after making working draw- 
ings, I find that the 30 feet girders on masonry piers, it is cheaper than 
the screw pile arrangement. 

The approximate cost per foot run of the alternative proposals is al- 
ready before you. 

I will submit, at the earliest possible date (after the full amount of 
waterway is settled), detail estimates of the cost of the whole works for 
the East Beyn Valley. 

Amount of new bridging decided upon at present— 


Lin. ft. 
East Beyn River, two girders of 136 feet, ... ==" 272 
” 8 39 of 110 $3 ees == 220 
‘ ‘ five spans of 30 ,, ‘ =: 1650 
Total of new work, == 642 


And for this I would ask for immediate sanction, or rather I would 
say for the two 110 feet to be removed from the Sutlej Bridge and five 
spans of 30 feet girders, and the earliest possible decision of the further 
increase either with 80 feet or 16 feet girder; but, as before observed, I 
would prefer the 80 feet girder for this valley. 

Having discussed upon the ground and in subsequent interviews with 
the Consulting Engineer and Major Forbes the general proposals, and 
practically accepting the plans to be adopted to endeavour to prevent a 
repetition of the disaster in the Beas Valley, it will be unnecessary for 
me to do more than make a few remarks upon the proposals for shutting 
out the spill of the Beas River, the additional waterways, and the des- 
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cription of girders to be employed for the construction of the bridges and 
flood openings. I will take the Notes of both officers conjointly. 

The Consulting Engineer, it will be observed, in page 376 of his Notes, 
endorses my opinion already recorded, that it would be useless to further 
discuss the past, but that joint action should be taken with the Superin~- 
tending Engineer of the Grand Trunk Road and myself as to what had 
best be done at the Grand Trunk Road, and in this latter point I fully 
agree, and trust that such joint action may be taken early, in order that 
I may know at what points I should place some of the additional flood 
Openings, as well as to know if the Grand Trunk Road Engineers will 
reduce the inclination of the slopes at the causeways; this I consider an 
important pvint to save the great rush, which under present circumstances, 
come down upon the line. 

Embankment proposed for shutting out the spill of the River Beas.—L 
have had no experience in damming out the spill of a large river; but 
both the Consulting Engineer and Major Forbes having given instances 
of longer embankments than the one proposed of 16 miles having been 
carried out, and with success, I would certainly accept the experiment in 
this case, more especially as my views throughout have been to endea- 
vour to keep the river in its present course, as it will be remembered that 
my original views with this object were to raise the causeways and endea- 
vour to bring the body of water passing through the Grand Trunk Road 
back to its normal or original condition when the line was first construct- 
ed—(vide my report on flood damages, 1875, dated Lahore, 4th November 
1875). It was suggested through the Consulting Engineer, in the be- 
ginning of last year, that the upper part of the river might be shut out 
by a bund above head of the West Beyn jhils, but I did not consider it 
would be of any practicable benefit to shut it out for a short distance 
some 60 miles above the line of railway, as it would spill in again imme- 
diately it had passed the end of the bund or groyne. But I am of opinion 
that this proposal would now be of advantage in connection with the pro- 
posed 16 miles of embankment—the upper bund to shut out the spill of 
the river into the West Beyn drainage, and the embankment to shut out 
the spill from the Hambowal and Mandorah drainage, that is to say, if 
full waterway is not given at the railway to carry off both the rainfall 
and river spill. 

The average height of the water spilling over the east bank of the 
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Beas River, as shown by the section taken by this office in December 
1875 for 14 miles above the bridge, averages 3°5 feet in depth, and it is 
proposed to throw up an embankment of six feet in height; this would 
give 2-5 feet above flood; this, for a new embankment (supposing it to 
be carried out), I do not consider would be sufficient; every precaution 
must be taken to prevent a breach, and with new earthwork there would 
be a considerable amount of settlement; and there is no reason to con- 
clude that the 3:5 feet would be the maximum of flood when the river is 
shut out from the valley over a large area of country by an embankment 
of 16 miles in length, in addition to the proposed embanked roads referred 
to in Major Forbes’ Notes, page 371 (a), (b), (c), (d), and I would prefer 
that the embankment be thrown up seven feet in height, or otherwise met 
by very long slopes towards the river, for there is not only the certainty of 
considerable settlement of the new earth during the floods, but, as the 
spill of the river would run parallel with the embankment, there would, 
I fear, be a considerable amount of scour along the toe of the slope. 

Another ground of objection will, E have no doubt, be brought for- 
ward against this long embankment by vested interests of Zemindars 
and the Kapurthala State through shutting out the spill of the river 
through the channels (except the West Beyn) which, I believe, are used 
for irrigation purposes ; such objection was, I know, raised by the Ka- 
purthala authorities when 1 proposed to raisc the causeways in the Grand 
Trunk Road, for, excepting the West Beyn, the remaining seven chan- 
nels are not affected to any appreciable extent by the rise of the River 
Deas until it tops the east bank. With the West Beyn this is different, 
the large jhils being formerly the main channel of the river the water 
filters in, and since the encroachment of the river, as far as my observa- 
tion has gone, occurs in a much greater degree; for example, on the 5th 
of November 1878, the Beas River rose 17 inches; the West Beyn at 
the same time also rose 17 inches; again on the 11th instant, the Beas 
rose 7 inches, and an exactly corresponding rise took place in the West 
Beyn. 

Length of waterway to be provided across the Beas Valley.—The cal- 
culation for the length of bridging is 2,500 lineal feet if the embankment 
is made, and 3,500 feet if the embankment is not made, but it is to me 
clear, even if the unanimous opinion of all interested should be in favor 
of the embankment, and such opinion arrived at, at an early date, the 
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embankment could not be thrown up in one season in time to meet the 
ensuing year’s floods, and with the chances of the breaching of the em- 
bankment (assuming that it could be thrown up in time) during its first 
season or two, or until well consolidated. I am of opinion that the full 
length of bridging of 3,500 feet should be provided, or as much of it 
ag can possibly be got in by say the 30th of June next. Two months of 
the best working season have passed, and I can foresee that it will only 
be by working early and late and strong gangs of workmen, and exten- 
sive European supervision, that such an amount of bridging as 3,500 
feet can be got in by the 3Uth of June next. But Iam aware that the 
subject was of such serious importance that it became necessary to give 
it the most careful attention. 

Description of the proposed bridges and flood openings.—The proposals 
are to span the West Beyn and the remaining five distinct openings or 
nallahs with girders of 110 feet and 60 feet girders, and for the viaduct 
(or escapes if I may so term it) of 30 feet and 16 feet girders, in ac- 
cordance with designs already laid before the Consulting Engineer. 
The large girders to be on well pier foundations, and the smaller upon 
brick foundations, drop walls and floorings. 

Since submitting the proposed designs for the 30 feet and 16 feet 
girders (the latter being the cheapest, and costing about Ks. 100 per foot 
run), I remembered a cheaper description of girder that may with ad- 
vantage be used, composed of rails only, and giving a span of 8 feet 5 
inches; this description of girder I used to some extent on the Jower 
section of the Mooltan line some 16 years ago, and they have stood 
remarkably well; the cost will not exceed Rs. 20 to 30 per foot run, 
depending upon the height of the masonry, and it will be for the Con- 
sulting Engineer to state if he approves of the design (which is herewith 
sent), and how much shall be put in between each large or main bridge; 
and it is this latter description of flood escape that I would propose to 
use, instead of the suggestion of running down on to natural surface,— 
& responsibility which I should not like to commit myself to for several 
grave and important reasons-——-1st, as the valley is liable to be flooded at 
times from the Ist of July even up to as late as the end of September, 
the line might be breached several times, which on each occasion would 
cause the most serious inconvenience to traffic ; 2nd, if breaches occurred, 
there would be considerable difficulty in obtaining earth or ballast in 
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sufficient quantities to at once make up the road, and in all probability, 
as soon as done, it would be again washed away; 3rd, the liability to 
accident, a road might to all appearance be good, but from the treacherous 
nature of the soil it might be so saturated or undermined as to give way 
whilst a train was crossing, and cause destruction to life and property, 
and even supposing it had not breached, if under water, no train could 
possibly be permitted to pass over until the flood had fully subsided 
and the line minutely examined; with the rail girders on masonry as 
shown on accompanying sketch, there would be no such risk. 

Comparative cost of the works on Scinde, Punjab and Delhi and Pun- 
jab Northern State Railways.—The Consulting Engineer remarks in page 
377 that the cost of works lately executed on this line is higher than it 
ought to be, and also in the same page points out that bridges on the 
Northern State had cost considerably less ; I do not for a moment doubt 
this, but the cases are far from being parallel. The cost quoted of the 
Punjab Northern State bridging is for works executed upon an unopened 
line with plant and every available means at hand to carry out the work 
provided for on alargescale. The work of reconstruction was in the case 
of the Scinde, Punjab and Delhi on the open line—diversions had to be 
put in and scoured gaps filled up, or the existing embankment had to be 
removed if a new work; brick kilns had to be erected, and plant pro- 
vided, specially for the single work ; trains with material have to be run 
to suit traffic trains, and it often happens that only one train per day 
could be got out to the works; further, working against time, and often 
with supervision by the best Inspectors that could be obtained at the 
time, and these men on temporary works do not take that interest in 
getting a good day’s work done that would be the case by permanent 
men. 

Sanction for the commencement of the works.—Having generally ac- 
cepted the proposals in the notes under reply, I have, in accordance with 
page 877 of Government Consulting Engineer’s Notes, given instructions 
to proceed with so much of the bridgework as can be at once commenced, 
and in anticipation of such requirements, J have had a large number of 
well curbs made, and some 12 to 15 lakhs of bricks burnt. Every exer- 
tion will be made to push the works, its completion in time largely 
depending upon the obtaining of the girders, and whether we have a 


dry or wet cold season. 
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No. 643R, dated 10th February 1879. 


From—The Government of India, P. W. Department. 
To—Consulting Engineer to the Govt. of India for Guaranteed Raitl- 
ways, Lahore. 


I am directed to acknowledge the receipt of your letter No. 84, dated 
the 14th January 1879, forwarding copy of a Note by Mr. C. Stone, 
Chief Engineer, Scinde, Punjab and Delhi Kailway Company, containing 
his views on the Notes prepared by Major Forbes and yourself on the 
waterways required in the East Beyn and East Beas Valleys for the 
protection of the Railway. 

In reply, I am to refer to Public Works Department No. 555R, 
dated 4th February 1879, forwarding a copy of Public Works Depart- 
ment No. 554R of the same date to the address of the Punjab Govern- 
ment, relative to the construction of the 16 miles of embankment re- 
quired from the Beas bridge to the village of Rurah, the spur at Mali, 
the short embankment along the Sawan nallah, and the repairs to the 
Grand Trunk Road canseways. These points having been decided, I am 
directed to inform you that the Government of India approves of Mr. 
Stone’s proposal to provide 642 lineal feet of waterway in the East 
Beyn Valley, and of your proposal (page 375 of your Note) to provide 
2,577 lineal feet waterway in the East Beas khadir. Estimates should 
be submitted at an early date. 


Second Note by Cou. J. G. Msvity, R.E., on Waterways required 
for the East Beas and East Beyn Valleys, Scinde, Punjab and Delht 
Railway. 


Dated Lahore, 27th February 1879, 


In continuation of my former Note on this subject, and of Mr. Stone’s 
Note following Major Forbes’ and my own, I have now received the Chief 
Engineer's specific proposals in detail, and have again been over the 
ground with him to examine the works in progress. 

With regard to the Fast Beas Valley, Mr. Stone has virtually accept- 
ed our calculations and recommendations as to the amount of waterway 
to be provided, and his proposals in detail aro as follows :— 
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The Fattuchak bridge will remain unaltered, except as regards the 
reconstruction of the wing-walls, which have been cracked. 

The Mandorah will have two 60 feet girders, or one more than it had 
before, as recommended. 

The Hambowéal will have four 60 feet girders = 220 feet clear water- 
way, instead of 102 feet as before. 

The Ramifdi nallah the same, 220 feet. 

The Ramidi river, three 110 feet girders = 303 feet clear waterway, 
instead of 202 feet as before, as recommended. 

For the flood gap of 17,000 superficial feet, proposed in page 375 of 
my Note, between the Mandorah and Ramidi bridges, the Chief Engineer 
proposes, as shown in the section, one between the Mandorah and Ham- 
bowl, 2,970 feet long; another between the Hambowsl and Ramidi nal- 
lah, 1,089 feet long; and another between the Ramidi nallah and Ramidi, 
1,320 feet long. As these would have an available average depth of five 
feet below the line of last year’s floods, we should have a superficial area 
of 27,000 feet, instead of 17,000 feet, or the flood of last year would 
have passed at a depth of about three feet, which is certainly all that 
should be allowed. 

These gaps have been fixed with reference to the grades down to them 
not exceeding 1 in 500, and the Chief Engincer proposes, as in his first 
Note, to span them by rail girders supported on masonry pillars 84 feet 
apart, having a continuous flooring of block kankar one foot below the 
patural surface, and protected by apron walls front and rear. Mr. Stone 
reckons that this style of construction will not exceed Rs. 25 per foot 
ron, and that it is by far the cheapest unit of viaduct that he can devise. 

From my former Note it will be observed that these flood gaps were 
only proposed as a temporary expedient, pending the construction of the 
embankment for shutting out the river spill; that I did not propose 
bridging them; and that I was prepared to face the possibility of a tem- 
porary stoppage of traffic in case of another extraordinary flood. The 
Chief Engineer naturally wishes to avoid this if possible, and if it can 
be done at a reasonable cost, it certainly should be done. JI am quite sure 
that so long as the river spill is not shut out, the large bridges will not 
be safe without these gaps, unless, indeed, a continuous viaduct is made 
acrose the whole valley. In that case something might be saved on the 
larger bridges, which would not then require to be so high, but their 
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channels would still have to be crossed by large spaus snd piers on well 
foundations ; and a8, even were there no bank at all across the valley to 
head up the flood, there might still be a rush down these nallahs, it is 
not advisable to lower them too much. 

Whatever may be the ultimate decision come to as to the construc- 
tion of the embankment along the river in order to shut out the spill, it 
seems tolerably certain that it can hardly be completed prior to next 
floods, while the loss to the railway, by a break in the traffic of even a 
few days, would certainly exceed the cost of bridging them, as proposed 
by the Chief nginecr. 

After full consideration of the detailed drawings and discussion with 
Mr. Stone and Major Forbes, we have come to the conclusion that the 
Chief Engincer’s proposals may be accepted with certain additions to the 
flooring, and that the work may be looked on as permanent, while, even 
if breached, the cost of repair will be small, and there will be no difficul- 
ty in adding to it hereafter if required. I have therefore authorized the 
work to be proceeded with. If the river embankment should eventually 
be made, it will be a great additional protection to the railway, while the 
whole of the ironwork of the viaduct over the gaps could at any time 
be utilized elsewhere if no longer required, 

[Since writing the above, I have heard that orders have been given to 
construct the embankment. To what extent the work can be completed 
before next floods is at present uncertain; but I have asked Mr. Stone to 
postpone work on the gaps to the latest safe period, until we know de- 
finitely what can be done. Under any circumstances, so far as the rail- 
way is concerned, I think the embankment should be made, as even the 
gaps will only provide fora spill similar to that of last year, and we 
may get a much larger one if the embankment is not made. I should 
hope that there will bo time this season, at any rate, to construct the spur 
at Mali, recommended by Major Forbes, to prevent further action of the 
river towards the head of the West Beyn, and at any rate to fill in the 
local depressions on the line of embankment, by earthen bunds faced 
with brushwood, or stone if necessary |. 

For the West Beyn drainage, the Chief Engineer proposes four 110 
feet girders = 404 feet clear waterway at the West Beyn itself, and 
820 feet at the Chatar Singh and Hamfra, or 724 feet altogether, instead 
of 489 feet aa before, which would pass nearly 50,000 cubic foet of drain- 
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age per second. For the 1000 lineal feet of flood opening, which I pro- 
posed in addition to the above, the Chief Engineer proposes two flood 
gaps similar to the above. In the case of the West Beyn, the calcula- 
tions show that the above length of viaduct is actually required for the 
rain discharge, so that it would not be a temporary expedient (like the 
other gaps) even if the river spill is hereafter shut out. If, therefore, 
the time will admit of it, a viaduct of the above length should be added 
as proposed for the East Beyn; if not, I would accept the Chief En- 
gineer’s proposals for gaps similar to the others, at any rate for the 
present, the two gaps proposed giving 1,419 lineal feet. 

The above will give the full amount of waterway as calculated by 
Major Forbes, which I was at first disposed to accept; but after full con- 
sideration, as in the case of the East Beyn, I think it right to recom- 
mend some addition. The case of the West Beyn is so far more favourable 
that this bridge is 10 or 12 miles further from the hills than that over 
the East Beyn; but, on the other hand, its catchment basin is more 
compact, and it is liable to have an increase over that due to a maximum 
rainfall by some spill from the Beas in its upper portion, and bearing 
that in mind I am not inclined to reduce the value of the coefficient in 
the Dickens’ formula below that for the East Beyn. This would give a 
discharge of 107,250 cubic feet, or some 26,000 in excess of Major 
Forbes’ calculations, and an addition of some 400 feet to the length of 
viaduct required, or double that length of flood opening. Unfortunately, 
this cannot, however, be given in the flood gaps, as there is no room, and it 
will be necessary, therefore, to complete at least the above length of regular 
viaduct, z. ¢., 400 feet out of the 1,000 feet shown to be required as above. 

With reference to this additional waterway which I have asked for in 
the case of both the East and West Beyn, I may state that I sent the 
printed Notes on the above subject to General Sir A. Taylor for his opinion 
previous to his departure from India, and that he fully supported my view 
not to reduce the full value of the Dickens’ coofficient over the whole 
drainage area, as we had no proof that the last year’s flood was a maximum. 

It appears, however, on enquiry from the Chief Engineer, that he will 
not be able to complete the full amount I have asked for during the 
present season; there will be just enough girders available to complete 
half the extra quantity in either case; and as Major Forbes thinks I have 
given a super-abundance, and his opinion is doubtless entitled to great 
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weight, I should propose to compromise our difference to this extent, 
and will ask the Chief Engineer to estimate accordingly. 

The additional 200 feet thus required for the West Beyn can be given by 
14 of the girder openings as proposed by Chief Engineer for the East Beyn, 
and can be added on each side of the two gaps with floorings arranged on 
the same principle of construction as already discussed and approved in 
the case of the small rail girders, but with some extension on the down- 
stream side. 

The Chief Engineer has given his reasons in the Memo. attached for 
throwing the Chatar Singh and Hamira bridges into one. This renders 
it all the more imperative that the corresponding causeways in the trunk 
road should be sloped down as already recommended, and I trust that 
immediate orders on this point will at once be given by the Punjab 
Government. 


The total waterway to be thus provided in the East Beas Valley will 
thus be— 


Lin. feet. 
Fattuchak, ee: +a eee oes 109 
Mandorah, eee eee oes one 110 
Hambowal, eae aes ene aee 220 
Ramidi nallah, ... ses i on 220 
i Yiver, os. ave bee eee 803 
West Beyn, see tea vee ove 404 
Chatar Singh and Hamira, ... wee seis 320 
14 feet girder openings flanking the two gaps, oie 196 
1,882 

Besides the following flood gaps to be spanned by rail girders :— 

Lin. feet. 
No. 1 (beginning on west side), oes Jes 2,970 
rae: ‘ ss aes awe 1,089 
” 3 >” ”? eee aee 1,353 
» & ” ” ave oe 627 
» ss * jae A 792 
6,831 


Nos. 1, 2 and 3 gaps would not (as explained in my former Note) be re- 
quired if we could be certain that the river spill would be shut out by the 
proposed embankment, and work on these three gaps should be postponed 
until it is clearly ascertained what we can depend upon in this respect, 
which I hope will be settled in a few days. 
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With regard to Nos. 4 and 5 gaps, the case is different; they must be 
made in any case, as there is a clear deficiency of waterway for the West 
Beyn drainage irrespective of the river spill, and they are only now pro- 
posed as more economical than ordinary girder openings on higher piers, 
and because the more expensive work cannot be completed within the 
limited time at disposal. 

East Beyn. 


I now pass on to the East Beyn Valley, the proposals as to which have 
also been accepted by the Chief Engineer. The bridge over the main 
channel will, as recommended, comprise two openings of 136 fect, and two 
of 110 feet. This will be flanked by three girder openings of 30 feet on 
each side, and these, with the small separate bridges in the same valley, 
will complete the waterway as estimated by Major Forbes and sanctioned 
by Government. 7 | 

But, as explained in my former Note, I do not consider that sufficient 
provision will thus be made. I asked for 800 feet more of flood openings 
in addition to the above, but, for the reasons stated already in page 388, 
shall be satisfied if half that quantity is now given, and this, I trust, 
will be sanctioned. 

A recent visit to the scene and further consideration of the violent 
character of the late flood, and of a further source of danger in the tor- 
tuous course of the channel just above the bridge, by which I have no 
doubt the water is heaped up and spilled over the bank, convinces me that 
it will only be prudent to add to the flood openings already provided, and 
Mr. Stone, agreeing with me, proposes to add 28 of the 16 feet girder 
openings, giving nearly 400 feet clear waterway, similar to the 14 open- 
ings above proposed for the West Beyn. These, like the others, will be 
on masonry piers, with flooring and drop walls. 

The Engineer Department deserves credit for the satisfactory progress 
that has already been made with the work in both valleys; the only delay 
that is likely to occur is the non-arrival in time of the girders from Eng- 
land; but Mr. Stone will, I know, duly consider all arrangements that 
may in that case have to be made for temporary emergencies. 

I have explained to the Chief Engineer, who, I believe, agrees with me, 
that I consider the gaps as indispensably necessary to the safety of the 
large bridges, and that if there is not time to bridge them as proposed, 
temporary piers must be provided, and no portion of them filled up. 
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Copy of this Note will now go to Chief Engineer, with a request that 
the work may be proceeded with as herein laid down; cstimates being 
submitted as soon as possible. 

Also that the sections received from him and now returned may be cor- 
rected accordingly, and re-submitted for the information of Government, 
to whom copy of this Note, when printed, will also be sent. 


Note on the Indus Floods, with reference to the Indus Valley State Rail- 

way. By Mason J. G. Fornes, R.E. 

Dated Lahore, 20th February 1879, 

The absence of sufficient reliable data makes it a peculiarly difficult 
matter to offer any opinion on the best method of dealing with the 
flosds of the Indus. The facts, however, mentioned in the Flood Re- 
ports of 1875 and 1876, together with those noted during the flood of 
1878, show that on tho left bank of the river, between the confluence 
of the Chenab and the narrow pass at Bhakkar, there are four msin or 
primary spills which cross the Railway near Naushahra, Mirpur, Ghotki 
and Singi. Ona map showing the original surveys made for the Rail- 
way, 15 or 18 years ago, these four spills are distinctly marked ; thus 
denoting they are not casual, or secondary, spills like those mentioned 
in next paragraph; but that their positions may be looked upon as com- 
paratively fixed, and not liable to any very sudden alteration. 

Besides these four main spills, the Indus, like other rivers, floods over 
its banks, sometimes in one spot and sometimes in another, according 
to the set of the stream, and attacks the Railway at uncertain places 
between Kot Samaba and Rohri, along the whole of which distance (120 
miles) the line is carried through the flooded tract. 

Taking up the Index Map of the Indus Valley State Railway, we can 
see that from Mithankot to about 20 miles above Kusmore the country 
through which the Indus flows must have a steady fall from the hills to 
the Bahawalpur desert, as this is clearly evidenced by the trend of the 
hill streams, which flow perpendicularly towards the river on the right 
bank; and by the absence of inundation canals on that bank between 
Mithankot and Kusmore. That this slope is continued on the left 
bank is also shown by the course of the Bahawalpur canals, which, 
following the natural slope of the country, run roughly perpendicular 
to the stream of the river. When the Indus arrives at a short | 
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above Kusmore, it can be seen that the slope in the country at once 
changes. Instead of running down direct at right angles from one side 
only of the river, it spreads out diagonally on doth sides like a fan, which 
is slightly squeezed on the right, but more opened out on the left. This 
then would lead us to expect that while the flood between Mithankot 
and Kusmore would come more directly on to the Railway, the number 
of primary spills would probably be less than from Kusmore downwards. 
This conclusion is borne out by the fact that in the upper portion there 
is only one main spill, véz., at Naushahra ; whereas in the lower portion 
of the river to Sukkur, which is about the same length as the upper, 
there are five, viz., two on the right bank at Kusmore und Begari, and 
three on the left, at Mirpur, Ghotki and Sangi. 

The construction of any long Jine of embankment will at once alter 
existing conditions. The practical effect of long embankments is to 
raise the hich water mark, and to slightly increase the caving of banks ;* 
thus inducing larger floods, not only at the primary and secondary 
points, but also the formation of spills at places not previously attacked. 

An embankment has within the last few years been made for a length 
of 41 miles along the left bank of the Chenab, from the junction of the 
Sutlej to the confluence of the former river with the Indus. This em- 
bankment effectually protects the ground behind it; and also probably 
conduced last year to prevent the floods, as formerly, attacking the 
Railway above Kot Samaba. It is proposed to extend the embankment 
still further down the Indus; but if this is done, the increased volume, 
which is now expended in spill, will undoubtedly cause the river, which 
already has a great tendency to doso, from being above the natural level 
of the ground, to burst through its banks lower down in a greater 
number of spots, and with much more force than it now does. As it is 
utterly impracticable to construct continuous lines of embankments 
along the whole length of the Indus from Mithankot to the sea, it 18 
evident that any extension of the Bahawalpur embankment will only 
save a small portion of country at the expense of a much larger area 
lower down; and that the more the embankment is extended, in a 


® See page 17 of Report dated 18th January, 1875, of Commission of Engineers appointed to in- 
veatigate and report on a plan for the reclamation of the basin of the Mississippi river, subject to 
inuxdation. This Commission was composed of Major-General Warren, U.S. B., President, Briga- 
dier-General Abbot, U 8S. E., Major Benyanurd, U.S. K., and Mesers. Sickels and Hébert, Members. 
The Report was submitted through Brigadier-General Humphreys, U.8.E., who stated that the views 
of the Commission met with his full concurrence 
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constantly increasing ratio will the country below be swamped, especi- 
ally where the change of slope occurs near Kusmore. There can, there- 
fore, I think, be no doubt that the Bahawalpur embankment should not 
be extended. 
The accompanying table shows the height of flood levels, in 1878, 
along the Railway, from mile 150 to mile 220 :— 
Nearest Station, Mile. RL. of flood. Fall per mile. 





Kot Samaba  .. 150 278°50 
Naushahra ee 160 273'00 65 
; oe ane? “ Average fall -61 per mile. 
Sadikabad ee 180 260°90 69 
184, 258°40 62 
reer scceee AHMADWAH CANAL, 
2530 gg { Probably affected by back 
Walhar -- 190 25300 60 
Reti -» 200 24700 77 
207 241°60 Powel. 
Khairpur eo» 210 241°60 
Mirpur ee 220 238-00 ‘86 


Between Kot Samaba and Khairpur the line was breached in numer- 
ous places, especially between miles 154 and 178; but the greatest 
Strain was from mile 165 to mile 166. A reference to the Flood 
Reports of 1876 will show that it was at these places also where the 
heavy burst of the upper or Naushahra flood was experienced. It will 
be noticed also, in the above table, that where the Ahmadwah Canal 
crosses the Railway, there is a sudden drop of three feet in the flood 
level, the water on the north side of the canal bank being 258°40, and 
that on the south 255°30. For the six miles below the canal the surface 
slope of the flood is only ‘38 per mile, being probably atiected by the 
back water of the secondary spill near Reti, against an average of ‘61, 
for the 84 miles immediately above it; but in the next 10 miles it again 
resumes this normal slope. The sudden drop (which was also noticed 
in the flood of 1876, vide para. 10 of Executive Engineer, Reti Divi- 
sion’s letter No. 1277, dated 8th September, 1876) and the alteration 
in, and eventual resumption of, the regular flood slope, shows that the 
canal kept the upper floods entirely distinct from those lower down. 
It would therefore apparently be advisable to take advantage of the 
circumstance, and stil] farther strengthen the bank of the canal, if there 
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is any fear of its being breached, 80 as completely to isolate the Nau- 
shabra from the lower floods; especially now that the thorough recon- 
struction of the Kusmore bund will throw more water on these spills. 
If free exit is given through the Railway to the upper floods, they will 
pass off by the old river-bed, which runs parallel to the line at a lower 
Jevel, and be absorbed in the desert. I concur therefore in the re- 
commendation that this portion of the line should be raised, aud the 
waterways increased ; but the amount recommended, v7z., 85 lineal feet 
per mile, is, I think, inadequate. 

I have not sufficient data to show the actual amount discharged 
through the Railway last year, or the possible quantity of flood that 
might have to be previded for; but on the East Indian Railway, where 
it crosses the Sone floods, which have a discharge of 165,000 cubic 
feet per second on the left bank of the river, 296 lineal feet (2,871 
superficial feet) of waterway per mile has been clearly proved to be 
insufficient. On the right bank, however, where the floods amount to 
65,000 cubic feet per second, a waterway of 153 lineal feet (949 super- 
ficial feet) has been found effectually to discharge the spill. In the 
former case the average depth of water is 970 feet, and approaches 
with a velocity, due to a fall in the country, of two feet a mile; in the 
latter, the depth is 6°20 feet, and the slope about one foot per mile. 

There is nearly as much uncertainty on the Sone as on the Indus, 
where the floods will first attack the Railway. The points of attack 
of the primary or main spills, which are almost invariably marked out 
by local depressions, are known; but floods do not always come down 
these main spills in force, the secondary spills, which generally in 
floods of any duration find their way into the depressions of the main 
spills, are often at first of as great violence as the main floods, and rush 
on the Railway at totally unexpected places. As long as the bank is 
not overtopped, and a sufficient aggregate amount of waterway is given 
in the flooded tract, the effect is that the water is ponded up for a 
greater length of time in local spots, and that greater work has to be 
performed by the flood openings lower down ; all of which of course must 
be protected to withstand the extra scour that may be thusinduced. In 
the Sone floods of 1876, on the East Indian Railway, there were three 
bridges on the left bank of the river, and two on the right, absolutely 
dry. In the former high floods of 1864 and 1867, these bridges had dis- 
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charged very considerable amounts of water, but, on the other hand, 
waterways which had done no work in the former years were in 1876 
running with a velocity of 14 feet and upwards. 

The conditions of the right spills of the Sone approximate to the up- 
per Indus floods; where, however, apparently the depth and slope are 
somewhat less, 7. ¢., the direct transverse slope from the river to the 
Railway is only about -75 per mile. Allowing for differences, it would 
not be safe to accept less than 120 lineal feet average waterway per 
mile as a minimum on the Indus Valley Railway between Kot Sama- 
ba and Reti. POW ALL Aes Pe INADA UR 

It is true that in addition to the 85 lineal feet per mile of waterway 
recommended, it 13 proposed that long paved causeways for the escape 
of heavy floods should be put in, thus evidently showing that more 
waterway is considered necessary. But this proposal is saddled with 
the proviso that it is only to be done if the causeways “can be con- 
structed at reasonable cost, and that sites can be found where they 
would act with efficiency.”” With all due deference, I submit that the 
construction of these causeways will be interpreted as an open admis- 
sion of the failure of the line as originally projected. The Indus Valley 
Railway was taken along its present alignment with the full knowledge 
that the floods would have to be combated, and I presume that no al- 
teration has been made in the original intention of its being a perma- 
nent and not a simple fairweather line. Putting aside the obvious 
disadvantages, both public and private, which will be entailed by the 
detention of trains, and totally ignoring the comments which will be 
occasioned thereby, it appears to me that once we admit causeways, 
we admit weakness and invite disaster. 

The question of expense was, I take for granted, fully considered by 
Government when it was determined to lead a railway through the 
flooded tract, which so palpably might easily have been avoided, After 
an expenditure of six millions, the difference is comparatively so trifling 
between putting in permanent and temporary openings, that I have no 
hesitation in recommending the former, especially as I believe they 
will be found cheaper in the end. 

There remains the doubt about the site of these openings. In the 
conclusions of the Committee held at Sukkur on the 23rd November, 
1878, the places where the flood attacks the Railway between Khairpur 
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and Rohri have been accepted as fixed, judging by the fact that noth- 
ing more js apparently required than the filling in of holes below 
bridges. If the sites in this part of the line, which is more difficult to 
deal with than the upper, can thus be definitely accepted ; in the upper 
portion surely there cannot be such an absolute uncertainty as to pre- 
clude permanent openings being built, especially after the experience 
gained in, at least, three great floods. The existence of “ depressions,” 
“‘ great depressions,” “low ground,” &c., is continually spoken of in the 
reports of different officers as places where the floods came down; in 
some cases the banks were breached, and in others the water was 
turned off laterally until it found vent in bridges or culverts lower 
down ; the velocity through which was enormous, 18 or nearly 19 feet 
per second having been measured in one case. One certainly of these 
great depressions (the Madd Dhora, in the Ghotki Division) was entire- 
ly embanked across, and the spill which came down it completely shut 
off at the request of the Civil Officers. In 1876 the bank was breach- 
ed, and 200 lineal feet of waterway put in, but other marked depres- 
sions may exist which still are embanked or inadequately provided with 
ventage. These facts would point to the conclusion that permanent 
sites can be obtained at once by extending the present flood waterways, 
and opening new ones, if necessary, at the “ Dhunds,”’ “ Dhoras,”’ 
and other well known localities where floods constantly come down or 
accumulate. 

On the grounds above stated, I am of opinion that in lieu of 85 lineal 
feet waterway per mile, plus temporary flood gaps, it will be better at 
once to put in permanent waterways, aggregating at least 120 lineal 
feet per mile, not scattered about in small and danger provoking vents, 
but concentrated as much as possible in effectually large flood passages. 

With reference to the lower part of the line, the effect of a practi- 
eally continuous bund from Kusmore to Sukkur must be to raise the 
flood level, induce fresh sets, and increase the spi)l on the left bank. 
This of course could be counteracted by a parallel embankment; but 
the danger attendant to Sukkur and the villages below, as well as to 
the Railway between Sukkur and Larkana, would put this project out 
of the question. As it ia, the Kusmore bund may appreciably increase 
the afflux already existing in high floods at the narrow pass at Sukkur. 
This amount of increase is easily capable of calculation, but the data 
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to determine it have not, as far as I am aware, been collected yet. In 
a similar case on the Ganges near Rampur Bauleah, which was most 
carefully worked out two years'ago (by Mr. A. J. Hughes, Executive 
Engineer, Irrigation Branch, Bengal) on extensive and very accurate 
surveys and levels, it was found, I think (I have not my notes to refer 
to) that the effect of an embankment 80 or 90 miles in length along 
one side of the river to shut out a spill of upwards of 200,000 cubic 
feet. per second would probably be to raise the height of the flood two 
feet at the lower end of the embankment. Taking this as an approxi- 
mate guide, and allowing roughly for the difference in the slopes, and 
number of curvatures, also for the lesser spill and length of embank- 
ment, it certainly would not be safe to accept Jess than one foot as the 
increased height of a maximum flood wave below Ghotki, and an in- 
crease of some inches in the afflux at the pass. To mitigate the effect 
of this possible increase then, the spill must be passed off through the 
Railway as quickly as possible; and if this is done effectually, I see no 
reason why the afflux at Sukkur should not remain unaltered. 

Referring back to the table shown in page 393, it will be seen that 
from mile 190 to mile 200 the: flood surface is still -60 per mile, or the 
same as in the 34 miles above the Ahmadwah, but in the next seven 
miles it ia suddenly increased to °77 ; it then remains perfectly level for 
three miles to Khairpur, and in the next 10 miles to Mirpur the slope 
is only °36 per mile. The section does not extend below this point. 

The cause of the surface level being horizontal has been ascribed to 
the large amount of cultivation near Khairpur, but this can scarcely 
account for it; nor does it afford a key to the reason why the slope 
should be suddenly increased from Reti to near Khairpur, and again 
very materially reduced below. An easier explanation will possibly be 
found if we remember that just above Reti the junction takes place 
between the perpendicular and diagonal slopes from the river; near 
Khairpur the Railway begins to curve round, and for the three miles 
where the flood surface is level, is probably nearly parallel to the edge 
of the fan which spreads out from its apex above Kusmore; from 
Khairpur to Mirpur the line probably does not follow the circumference, 
but is slightly inclined upwards to it, hence the alteration in the flood 
levels, 

This, combined with the fact that at Reti the distinctive flood tract 
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is entered on boats (used to ply from Reti to Sukkur over the inundated 
ground), and that it is here that the large and well defined “ Dbhunds”’ 
commence to be more marked, would signify that any alteration in the 
regimen of the river near Kusmore (especially noting the bend due 
south of Kusmore from which a primary spill occurs) will be peculiarly 
felt below Reti and near Mirpur. 

At present the average amount of waterway allowed between Reti 
and Sukkur is 190 lineal feet per mile. In the section between Reti 
and Sarhad, from mile 200 to mile 230, I would strongly advocate a 
further extension so as to bring up the amount to at least 250 lineal 
feet per mile, as much as possible in large flood openings, notably in 
the-vicinity of Mirpur. Between Sarhad and Rohri, or from mile 230 
to mile 270, we know there are at present two main spills, besides 
many secondary ones, the numbers and effect of which will in time be 
increased by the action of the Kusmore bund. Taking this into account, 
as well as the present inefficiency of the ventage given, it is evident that 
the waterways in this section must also be materially increased. Pro- 
bably they will have to be brought up to a minimum of 300 lineal feet 
per mile—an amount which is not sufficient to pass off the left Sone 
floods (page 394) without a considerable heading up. Besides the large 
opening which will be required for the Ghotki spill (unless there is any 
fear of the river breaking across the line there), a very large increase 
will have to be made at Sangi; judging from the fact that the waterway 
already existing there was evidently greatly too small for the flood of 
last year, as below every one of the five Jarge bridges near the station, 
enormous holes extending to 40 and 50 feet in depth were formed. 

It will be seen that the total amount of waterway that probably is 
required, at present in the 120 miles of flooded country through which 
the Indus Valley Railway is taken on the left bank of the river, is 
25,500 lineal feet, or very nearly 5 miles, viz.:— 


Feet. 

From Kot Samaba to Reti, 60 miles, @ 120 feet per mile, 6,000 
»  Reti to Sarhad, 80 4» 4 250 ,, ‘3 7,500 

» Sarhadto Rohri, 40 ,,  ,, 300 ,, . 12,000 
Total, .- 120 26,500 


or about 4 per cent. of ventage on the length of line between Kot 


Samaba and Rohri~an amount which cannot be considered excessive 
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under existing conditions. Whether this amount will eventually be 
considered sufficient, time alone will show. The allowance proposed is 
admittedly empirical, but it is founded on the East Indian Railway 
experience of 20 years, during which period three maximum floods 
have occurred in the Sone, attacking the line in a length of 26 miles. 
Whatever is done now on the Indus Valley Railway must to a certain 
extent be tentative. The total amount of waterway now provided be- 
tween Kot Samaba and Sukkur is about 16,000 lineal feet, which was 
recommended by the Sukkur Conference to be increased to 17,700 
lineal feet, supplemented by flood causeways between Kot Samaba and 


Khairpur. 

Coming now to the question of the Kasimpur bund, I would certainly 
deprecate its extension to Pano Akil, unless there is any immediate fear 
of the Indus, as I see noted in one of the reports, deserting its course 
for the Narra. Taking into consideration the extra rise which may 
be expected in the floods, and the danger of permitting this rise to 
affect the river at Sukkur, it would be inexpedient to prolong the bund, 
and thus tend to aggravate, although, perhaps, only to a slight extent, 
the afflux already existing. The best method of meeting the difficulty 
would be, as already suggested, by opening out sufficiently large water- 
ways higher up in the Railway, in order to pass off the extra spill that 
may be induced by the Kusmore bund, in addition tothe extraordinary 
floods which now come down the river. If the floorings of the flood 
openings ip the Railway are kept up to a proper level and efficiently 
protected, I see no reason to apprehend their being turned into ducts 
for a permanent change of the river. These openings will only come 
into play when the river rises to a certain height, and will cease to act 
when the flood falls below the river bauks; and as long as the floorings 
and their protection exist, there can be no fear of the channel scouring 
back to the main stream, especially if the slope from the river to the 
level of the flooring is made less than that of the longitudinal flood 
surface down the river. 

On the right bank of the Indus, the chief point of danger appears 
to be in the 10 miles of line, from mile 400 to mile 410 between Bhan 
and Sehwan, where the Kusmore and Regari spills, added to by the 
Jalli spill below Sukkur, unite with the Cutchee hill tract torrents, and 
after filling and overflowing the Manchur Lake burst across the Rail- 
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way in enormous force. Outspills from the Kusmore and Begari 
floods, also combining with the Jalli spill, encroach on the Railway 
below Ruk. 

The Kusmore bund will now keep out the two former floods, and an 
extension of the Jalli bund would apparently keep out the latter; but 
on this point I cannot venture to offer an opinion, as I did not have 
un opportunity of meeting the Superintending Engineer for Irriga- 
tion in Scinde, in whose charge are the embankments; and in the 
absence of local knowledge and information, it is impossible to say 
whether it would be advisable to extend the bund. If it was done, 
however, there would remain only the floods due to the hill streams and 
the overflow of the Manchur Lake to be provided for. Anyhow be- 
tween Bhan and Sehwan it would be expedient to allow the full amount 
of waterway indicated as necessary by the flood of last year, and to 
raise the line at and below Ruk. 


OrrroraL Inspgotion or THE Inpus Vatixy Raitway, Upper anp 
Lower Sxcrions. 


Note by Cou. J. G. Mepury R.E., on the Inspection of the Indus Valley 

State Railway from Mooltan to Rohri. 

Dated Lahore, 12th April 1878. 

I have just inspected the above line as directed by Government, and 
the following remarks refer sertatim to the headings indicated in Section 
I, of the Kules for the Inspection of Railways. 

I. Banks.—The line is almost entirely in bank, varying up to 15 
feet in height. The soil is throughout of a light sandy clay, occasion- 
ally of pure sand, and the banks are well consolidated, and not liable to 
slip. The width of formation surface is 19 feet; the side slopes* gener- 
ally 2to1. At certain portions of the line the slope was. certainly 
steeper, which the Engineer-in-Chief explained was owing to the bank 
not having settled down as much as had been expected. 

Where the line passes through the heavily flooded country, the side 
slopes have been protected for some distance up by layers of brushwood 
pegged down. In other places, the tamarisk (fardsh) bushes have grown 


® Throughout the flooded tracts in the Ghotki and Reti Divisions the slopes are 3 to J, 
400 


NOTES ON FLOODS OF INDUS, ETC, 67 


well. Where the reh soil predominates, as in many parts of the line, 
the slopes are bare. When the diversions lately made in the Shujabad 
Division are closed, the earth used to complete the main bank should be 
punned, if the line-is to be immediately opened. 

Cuttings.—-There is a small amount of cutting through sand hills 
where the line passes through the desert (mile 150). - Dead hedges have 
been made here along the crest to prevent the sand blowing down; pos- 
sibly mud walling may be found useful here as in the desert road between 
Jhang and Dera Ismail Khan. There are also two rock cuttings close to 
Rohri, one of which, however, will be avoided by a new alignment now 
in progress. The other cutting stands nearly vertical, and is not likely 
to give any trouble. 

If. Curves.—The only sharp curves on the line are those at the cut- 
tings just mentioned, of which one, as already remarked, will shortly be 
dispensed with. The other (600 feet radius) is certainly sharper than is 
desirable, especially as it is on a gradient of 1 in 100. It was originally 
laid out for the metre gauge line, and will not be on the main line when 
the Indus bridge is built; but as that may not be for many years to come, 
I should recommend the improvement of this curve if possible. If not, 
the wheel base of all carriages travelling on it should be limited to 11 
feet; my own carriage had 13 feet wheel base, and got round with diffi- 
culty. The type drawings of carriage stock for this line give a wheel 
base of 14 feet, which is certainly not safe on this curve; and there ia 
another curve on the Sukkur river branch which has only a radius of 
755 feet. The Engineer-in-Chief proposes, I believe, a special form of 
engine with bogies or sliding axles, to work this portion as a branch from 
the engine changing station where it diverges from the main line. 

All the other curves on the line are good, the diversions having not 
less than 1,000 feet radius. 

Gradients.—The only heavy gradients are the ones above-mentioned 
(on the river side branch) of 1 in 100, which are only objectionable as 
being on a curve, and will necessitate full break power being always 
available, and a limitation of rate of speed downwards to 10 miles per 
hour. 

The other exceptional gradients are 1 in 200 on the approaches to the 
Sutlej bridge, which is, however, not yet completed, and a few short ones 
of similar grade on approaches to some of the arched bridges. 
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IlI. Permanent way.—The permanent way consists of a 60 tb. flat- 
bottomed iron rail secured by dog-spikes in the usual manner to transverse 
wooden sleepers, laid 3 feet apart (from centre to centre) except at the 
joints where they are 2 feet. The rails are fished at the joints im the 
ordinary manner, and the ends secured by either fang bolts or coach 
screws. 

Rails.—The rails appear to me generally of good quality, but several 
instances were pointed out to me of rugged or broken edges; and the 
Engineer-in-Chief informs me he has made a special report on the infer- 
iority of those supplied by the Birmingham Iron Works Company. 

Sleeners.—The sleepers are partly of deodar and partly of English 
creosoted pine. The latter are 9’ x 9” x 5”; the former arc about 6 
inches longer, and of the same section; of the deodar sleepers, the great 
majority appears sound, good timbers, but I also noticed a certain num- 
ber which are decidedly inferior, full of knots and shakes. These, the 
Chief Engineer informs me, were chiefly cut from a quantity of timber 
which was taken over by order of Government from stocks in the hands 
of the Public Works Department at Naushahra and Mooltan. 

The English creosoted sleepers looked to me sound and good; the 
only objections to them are, that they cost about 25 per cent. more than 
the deodar sleepers, and that unless covered, they are very apt to catch 
fire by any dropping ember from a train. 1 myself saw two or three 
instances of this. 

Baliast.—The line is at present very imperfectly ballasted ; on a short 
portion only is the ballast laid to the full standard section; on other 
portions it is partially or wholly absent. I do not myself see any ob- 
jection to the sleepers being laid on the formation surface without any 
ballast, or at least on a layer of sand as a temporary arrangement in such 
a dry climate as this, provided that the surface ballasting be completed, 
but a thin layer on the surface, and for a width well clear of the ends of 
the sleepers, I look upon as indispensable, otherwise the rising dust will 
be an insufferable nuisance to passengers in the train, will damage the 
working parts of the engines, and may lead to accidents in a Jong train 
from the impossibility of the Driver and Guard seeing cach other. I 
certainly look upon the completion of this surface ballasting as very ne- 
cessary prior to the opening of the line, if not absolutely indispensable. 

The ballast employed is almost entirely broken brick, partly from old 
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mounds, but chiefly burnt on purpose, except at the lower end, where 
broken stone from Rohri is being laid. 

IV. Buildings.— As to the “strength and quality of the structures 
above ground,” all the packa masonry structures appeared excellent; I 
have indeed never seen better brickwork anywhere. 

Kacha buildings.—There are, however, a considerable number of kacha 
buildings (chiefly stations) which have already cost a good deal in 
repairs, and are likely, 1 fear, to cost a good deal more. Owing to the 
prevalence of ref in the soil, it appears generally ill-adapted for kacha 
masonry, and in presence of any damp from rain or flood, the kacha 
plaster and exterior (at least) of the masonry rapidly disintegrate, and 
safety of the structures is endangered.* This absorption of moisture does 
not appear to extend above acertain height from the ground, and probably 
had the foundations and lower 4 feet of these kacha buildings been con- 
stracted in packa, they would have been all right; as it is, it has been found 
necessary to underpin several of them for a certain height above the floor, 
and I vertainly do not recommend any more kacha structures. on this 
line. The Chief Enginecr informs me that none have been built within 
the last two years, except the temporary staff quarters at Rohri built on 
top of a hill. 

The roofing employed is either the packa arched domes which have 
stood well so long as the substructure is sound, and (in later structures) 
a flat mud roof on a single layer of square tiles. 

It is a great pity that these “Collett domes,” as I believe they are 
called, were not erected on more substantial walling; for they certainly 
form a very picturesque feature in a very dreary country, and if the ver- 
andahs had only been wider, would, I think, have been exceedingly well 
adapted to this country and climate. 

V. Waterways.—With regard to waterways on the line, there is this 
peculiarity that with the single exception of the Sutlej there is, properly 
speaking, no drainage channel larger than a small culvert on the whole 
length. The bridges required are either for the crossing of irrigation 
canals or (and chiefly) for the passage of an uncertain amount of spill 
water from the Indus (and in one case from certain canals). As a separ- 
ate report will hereafter be submitted on the Sutlej bridge, I refrain 


* The old Shujabad station, which was being temporarily repaired, I condemned as unsafe on this 
#ccount, and work was stopped. 
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from further allusion to it here. As to these flood openings, it would 
seem impossible by any theoretical calculation to determine beforehand 
what is a safe and necessary amount. Repeated observations for several 
years, and in some cases failure, appear to have decided the provision now 
considered necessary, and in the bridges more recently built, a special 
design has been chosen, with a view of being able to add to the original 
structure without waste of money. 

Arched bridges.—The older bridges or viaducts were brick arches of 
10 or 20 feet spans, on brick piers and abutments founded on a bed of 
concrete 2 feet thick, with inverts between the piers, and apron walls front 
and rear 8 feet and 13 feet deep. The abutments were finished off with 
retaining walls in the usual manner. 

The bridges of this class look so good and substantial, that it seems a 
pity they were not continued throughout the line. 

Girder bridges.—The later bridges are 40 feet plate girders on brick 
piers founded on 2 wells sunk 40 feet below the bed, the abutments being 
built exactly like the piers, so that additional openings may be constructed 
when necessary. There is no flooring between the piers, but a mass of 
loose brick or stone refuse 10 feet wide and 10 feet deep has been added 
round each pier: In lieu of retaining walls, the embankment is support- 
ed by a mass of loose bricks built up in steps, which it is calculated will, 
in ease of scour, fall down and check it. Should heavy rain occur, I 
fear this loose brickwork will give trouble, and in a heavy rush through 
the bridge I think the bricks would be carried away. I should myself 
have preferred a revetment of fascines which, in case of scour, would have 
fallen down and slipped forward en masse acting as a mattrass, and in which 
after a year or so grass or jungle shrubs would have grown, which they 
cannot do in the bricks. 

The provision of a reserve of broken bricks at each bridge has, 1 un- 
derstand, been recommended by the Chief Engineer, and should undoubt- 
edly be allowed in time for next floods. 

40 feet girders.—With regard to these girders, the great majority 
(nearly 200) are of 40 feet span, constructed by Westwood, Baillie and 
Co., or McLennan and Co. Some (60) are, however, 12 metre (= 89-38 
feet) girders, which were originally made for the metre gauge line, but 
have since been strengthened by an additional plate on the top and bot- 
tom flange. They are also only 12 inches in width in lieu of 16 inches 
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as in the 40 feet. I carefully tested two spans of each class, the deflec- 
tion and oscillation being noted in each case under the weight* of the 
heaviest class of engine on the line loaded up with fuel and water, the 
results being given below. The engine was driven over at speed as well 
as being allowed to stand for 10 minutes with the driving wheels over 
the centre of the span, in both cases the recovery being complete after 
the passage of the engine. The deflection of the 12 metre girders was 
not greater than that of the 40 feet ones, but the former are certainly 
not so stiff as the latter, doubtless owing to their smaller width of flange; 
and I have recommended the addition of extra diagonal bracing between 
the present bars. 

I also examined and tested one of the four and six metre spans, and 
a trough girder of 25 feet, the results being given below. It did not 
appear to me necessary to examine and test other bridges, which were the 
exact counterpart of those already inspected. 

Testing of bridge girders.—Results of girder testing, Indus Valley 
State Railway bridges— 

Diagram of engine and tender is given herewith. 

Sections of 40 feet and 12 metre girders will follow. 

Twelve metre girder bridge, one mile from left bank of Sutlej-—Top 
flange strengthened; bottom flange unstrengthened; all others have both 
flanges strengthened. Deflection ,’,"; oscillation =2,”. 


Twelve metre girder bridge over canal close to Khanpur—Top and bot- 
tom flanges both strengthened. Deflection ,%,-’; oscillation 4%”. 

Trough girder bridge, 25 feet span, between Khanpur and Kot Samaba 
~——Deflection very slight; oscillation imperceptible, 

Four metre and six metre spans—Deflection very slight; oscillation 
imperceptible, 

Mangsi bridge—Nine 40 feet girder spans, 

Three 12 metre do. 

No. 7 span, 40 feet, McLennan and Co,— Deflection 58,” ; oscillation .),”. 

No. 9 span, 40 feet, Westwood, Baillie and Co.—Deflection 59,” ; oscil- 
lation +\,*. 

No. 10 span, 12 metre—Deflection ,4"; oscillation ¥7,”. 


* Fora span of 40 feet and under, thisis the greatest weight that in practice can be put on the 
bridge. The bending moments were carefully worked out for two engines as well, in order to ascer= 
tain this, 
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Separate cards were affixed to the top and bottom flanges of both right 
and left girders, but the results were practically the same. Of the 40 feet 
girders, there are still 72 to be erected at the lower end of the line (be- 
tween miles 224 and 330), of which about half are rivetted up, and only 
require lifting and placing. All are on the line, and Will be finished with- 
in the next two mouths. 

Vi. and VII. Bridge parapets.—There are no parapets or hand rails 
to any bridges. On the long girder viaducts there is no room for a foot- 
walk clear of the rails, but a man could casily jump down on to the flat 
heads of the piers to escape a train. On the long arched bridges there 
are refugees on the abutment piers only. 

VIIL. zed structures.—Platforms (where made) and water columns 
are of the standard dimensions; there are no over-bridges or tunnels on 
this section of the line. 

IX. Bridge platforms.—There are no bridge platforms, except in the 
arched bridges, the intervals between the cross sleepers of the girder 
bridges being left open. Planking and ballast have been proposed by 
Chief Engineer, I understand, in lieu of the corrugated plates provided in 
the type drawings. The wooden bed plates of the girders are generally 
protected from fire by a layer of gravel, and the Chief Engineer has 
promised that add will be so. 

X. Fencing.—The line may be said to be practically unfenced, though 
in certain miles a partially successful attempt has been made to grow a 
double kikar hedge; it las, however, been greatly injured by the severe 
frosts of the past winter, though it is sprouting from below. 

The line will, I presume, be properly fenced before long. I would not 
prohibit the opening without fencing, even for night running, provided all 
the engines are furnished with cow-catchers, but even with these accidents 
might happen; and as, when the floods are out, the railway embankment 
would become, if unfenced, a general place of refuge for animals to escape 
from the floods, it is certainly not desirable that this risk should be run. 
I think that a proper wire fence, either on wooden or iron standards, 
should be fixed on the slope above flood mark, though the Chief Engineer 
proposes, I believe, a mud wall as a temporary measure. 

XI. Level crossings. —Level crossings have been fixed in communi- 
eation with the Civil Authoritics, and appear to be sufficient in number. 
The approaches to them are ready, and generaly posts and a chain have 
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been provided, and the gate-keepers’ huts built, but some huts are still 
wanting, and there are no gates at present erected, though some are 
made. Of course until the fencing is completed, the matter is not urgent. 

XIT. Mile-posts and gradient boards.—Mile-posts have been erected, 
and the miles are further numbered on all the telegraph standards. 

The Chief Engineer proposes to limit the gradient boards to all gra- 
dients steeper than ] in 500, which appears quite sufficient. 

XIII. Points and crossings.—Points and crossings are according to 
the standard pattern. Sidings are 2,000 feet long between the takes-off ; 
a few are still wanting in the Ghotki Division, as rails have not been 
available; they are now being Jaid in. 

XIV. Blind sidings.—Blind sidings where made at stations are ac- 
cording to standard, with fall of 1 in 150 towards the dead end ; these 
will be all completed by 15th June. 

XV. Signals.—The usual Semaphore main and distant signals have 
been erected at all stations, except two or three at the lower end, where 
the work is still in progress. In all those lately erected, the distant 
signals are worked from the station platform close to the main signal, as 
they should be. In the older stations at the Mooltan end they are worked 
from the points. The only objection to the former arrangement is, that 
with such a length of wire (800 yards) it is apt to get slack, and the 
signal does not work properly. But with the arrangement now common 
by which the slack can be taken up, there seems no difficulty in the 
matter, and I personally ascertained that those lately erected worked 
very well, though in some cases a more powerful lever might be desir- 
able. I think the rule should be enforced everywhere. Of course the 
signals remain at ‘danger’ if the wire breaks or will not work. A 
stouter section of wire than that now in use is also desirable. 

XVI. Station platforms.—The older stations at the Mooltan end have 
raised platforms with a brick coping, are of full width, 600 feet long, and 
ramped at the ends. But they have not yet been metalled; this, I pre- 
sume, will be done. Chief Engineer informs me they have recently 
been prohibited at all 3rd class stations unless changing stations. 

XVII. Stations —The present state of accommodation available at 
stations is as follows. 

at * * * * * * * 

Crossing the Indus,——Rohri River Side Station, 281 miles; has a 
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platform, ticket office and waiting rooms building, and covered shed is in 
course of erection. The station is defended from the river by a dry 
stone wharf wall, which is now (26th March) some distance from the 
edge of the deep water channel, and it is proposed to obtain access to 
the steam ferry* (which will be used for transit until the bridge is built) 
by a pier partly on piles, defended from scour by stone, and partly float- 
ing, for which purpose four iron barges have been purchased from the 
Bahawalpur State. 

Proposals have, I understand, been made for a large steam ferry cap- 
able of taking over the whole or part of a train of carriages to be worked 
between Suttian island and the opposite shore. To carry out this must 
necessarily take time,. and, considering the costt of the arrangement, it 
may be considered better to face the construction of the bridge at once. 
In either case the pier arrangement will be required for at least two or 
three years, and will, I think, be all that is required for passengers and 
light goods. For heavy goods there will doubtless be some trouble, but 
I think satisfactory arrangements{ will suggest themselves as exper- 
ience is gained from the lighter traffic, and I should certainly deprecate 
any proposal to defer through-booking for any description of traffic as 
soon as the line is completed to Kotri, otherwise, I feel sure, the present 
boat traffic will compete successfully with the railway. 

Future development of traffic—On the Sukkur side there is no diffi- 
culty at present in regard to the deep water channel, which is said to be 
permanent at the site of the river side station, The buildings here are 
similar to those on the Rohri side, but it is certainly objectionable to 
have the public road along the strand running between the river bank 
and station. Both here, indeed, and at the Rohri side, there is a great 
want of “ elbow room,” and I do not think the Railway authorities suffi- 
ciently appreciate the absolute necessity which I feel there will be of large 
station yards. The bridge cannot be built for years, and by the time it 
is built, full use, I am sure, will be found for every foot of ground now 
taken up. ‘The older railways have saffered so much from the cramped 
arrangements that were made owing to want of appreciation of future 


* The small steamer now used {fs altogether too small, and is in a very bad condition, It will 
probably be best to hire one or two steamers from the Flotilla, and it would be ae well to do this 
in time. 

+ Not only the first cost, but the amount of dead weight that will have to be taken acrons. 

+ I seeno reason why the pier should not have raila laid on it with cranes at the pier head. 
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traffic development, that I feel I cannot too strongly insist on the abso- 
lute necessity of making timely provision for future requirements. Such, 
I am sure, should be made at most of the stations on this line, and 
everything planned with an eye to future extension, as may be found 
necessary. 

The Sukkur river side station is connected with the main Sukkur 
station by a deep cutting and sharp curve (775 feet radius), Here the 
buildings and staff quarters are in progress, but I did not formally 
inspect them. I understand that there is a break of nearly 20 miles 
in the Larkana Division, which is only waiting for rails that are all on 
the line, and will be quickly laid. ‘There is anuther break at the Laki 
Pass, where the slopes of the heavy cuttings are giving trouble, as I 
expected. It is a pity that this portion was not constructed in open 
tunnel at the first. 

Choice of right bank.—The Government, no doubt, had good and suffi- 
cient reasons for carrying the line down the right instead of the left 
bank, otherwise it is obvious to remark that if a line is ever constructed 
from Hyderabad to Bombay, either the Indus must be bridged at Hyder- 
abad, vr another and a competing line must be laid up the left bank to 
Rohbri. The possibility of a future extension from Sukkur to Shikarpore 
and through the Bolan Pass to Central Asia was doubtless one reason 
for preferring the right bank, and it cannot be doubted that whatever the 
engineering difficulties, this reason is a very strong one. 

XVIII. Rolling Stoek.—-The following is a list of the rolling stock 
at present available on the line :— 


Rolling Stock actually on Indus Valley State Railway between Mooltan 
and Rohri on 28th March 1878. 


Tank Locomotives, vr a. oe oe va 5 
Tender es ee ae Se ae ad 18 
Covered goods,-. os ee 3% - ae 50 

im » for passengers, .. “a es ae 44 

‘i , temporary, low-sided, oe ws Ks 34 

ra 3 . platform, oe r ee 66 
Low-sided wagons, oe oe ve oe ee 140 
Ballast e os ee - ae ae 48 
Goods or ballast brake-vans, os ie ee ke 3 
First class carriages, «. oe os es oe 2 
Inspection _,, es oe o* ee oe 2 
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Rolling Stock that probably will be on line, Northern Section, in May 1878. 


Tank Locomotives, a ae oe 5 ee 5 
Tender ss os ie ee 0 a 18 

” ” from England, oe 5 ee 14 
First class carriages, .. oe wie 4 es (a) 8 
Second ,, m - oa sg 0 »- (6) 7 
Third ,, 33 “s oe ee 0 ee (c) 66 
Covered goods, és ee ae 6 ee 150 
Low-sided wagons, ee oe oe 140 2% 140 
Ballast is - a ee as oe 48 
Brake-vans, ee oa o 3 -- (d) 9 


Of these, of course, a certain number will be required for construction 
and maintenance, and will not be available for traffic; these are shown 
in italics, 

AIX. Cow-catchers.—Most of the engines now on the line are pro- 
vided with cow-catchers, and all will be so fitted. I consider them 
indispensable, at least for night running, on this line until it is properly 
fenced. 

XX. Space and ventilation of passenger vehicles—The “ sufficiency 
of space and ventilation in the passenger carriages” is a most important 
point on this line, where the heat for six months in the year is so great 
that no European would willingly travel except at night. Pankhas and 
the best available cooling apparatus should be provided for all first class 
carriages, and all carriages should have the fullest allowable beight and 
width, and be provided with double roofs and sun-shades. I regret to 
see that end doors and outside platforms have not been provided in the 
standard plans for first class carriages on this line, and I sincerely hope 
this will be altered in building them. The same accommodation can be 
given, and there can be no question, I think, of the superior comfort of 
the arrangement to the traveller who can stand or sit outside and get 
fresh air. 

The same remark applies to the inspection carriages, the only one I 
saw being quite unfit for the purpose. 


(a). 2 Hast Indian Railway; 2 Inspection; 2 Adamwakan Workebops; 2 Calcutta and South- 
Bastern. 

(b). 4 Adamwahan Workrhops ; 3 Calentta and South-Bastern. 

(cc): 44 Couverted goods; 12 Adamwahan Workshops; 10 Calcutta and South-Eaatern, 

(ad). 3 Old Great Southern of India Railway repaired; 6 part of 44 fitted with brakgs. 
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Zhird class carriages.—Due arrangements should of course be made 
againet overcrowding in the third class carriages, especially in the hot 
weather, when the number allowed in a carriage should be reduced from 
50 to 40. 1 consider this should be a standing order of the Traffic 
Department. Water should of course be supplied at stations in the 
usual manner, and J recommend the practice of running with unlocked 
doors.* Jt is done on the Punjab Northern Railway, where it tends 
greatly to the comfort of the passengers, who can thus get out directly 
the train stops, instead of being delayed until the doors are unlocked one 
by one and the tickets examined. The platforms should all be railed in, 
and the tickets taken at the exit gate. 

XXII. Working of line.—The line will be worked by the line clear 
system in the usual manner, so that two trains will never be on the 
space between two stations at once, except when following under caution 
line clear. 

Nume boards. —I have omitted to state that name boards are required 
at all the stations, which of course should be supplied. 

Watering arrangements.—The watering arrangements at stations are 
complete, except at one or two places at the lower end, where they will 
shortly be so. 

Water ts 10 to 80 feet below surface; average is 18 feet. 20 feet of 
water in all wells. Diameter of well 8 feet.—The water is everywhere 
raised by the Persian wheel into iron tanks (one to four units), whence 
the engine takes it by the crane in the usual manner. The water is said 
to be generally of fair quality, but there are certain bad stations where 
engines will only water on emergency, notably Channigote. 

Fuel.f—The juel used is everywhere wood, chiefly tamarisk ; doubtless 
when the line is open to Kotri, it will be found economical to use Eng- 
lish coal up to a certain point vary:ng with the prices of wood and coal 
and the rate of freight to Karrachi. 

Sutlej bridge—I may now Note the present state of affairs at the 
unfinished Sutle; bridge, which is as follows :— 

Of the 16 spans, 8 arc completed, 5 in hand, 8 not begun. Barring 
accidents, the bridge should be finished by 15th June. 


+ 


* ¢.¢, onthe platform side. 
+ Present price of fuel is Re, 21 per 100 maunds between Mooltan and Reti; between Reti and 
Radhon Rs. 1d per 100 ; between Rudhan and Kotri Ba, 22 per 100 (babul). 
4}1 
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The river at present runs favourably, the long protective spur on the 
left bank having apparently succeeded in arresting the tendency of the 
stream towards that side. This spur is protected on the river face by 
large quantities of brick cubes (one foot sides), which are made at about 
half the cost that stone can be brought down, tut which are inferior from 
their lower specific gravity and tendency to break and be washed away 
in detail. I believe the one foot cubes at the Chenab have been found 
two miles below the bridge site, and it may be as well to note this danger. 

Temporary bridge.-—The temporary rail bank crosses the river a little 
above the bridge, the deep channel being passed by a pile bridge 700 feet 
long, which appears well and solidly built, and which is carefully watched. 
Mr. Bell hopes to maintain this until the opening of the bridge, but it 
is of course liable to interruption at any time. 

Crossing the Sutlej.—The carriages are pushed across the temporary 
bridge by the engine from one side, and then pulled on by the engine on 
the other, where they are dragged up the diversion and backed on to the 
main line. All this, of course, causes a certain amount of delay; and 
considering the possibility of interruption to the temporary pile bridge, 
and the importance of the energies of the staff not being diverted in any 
way from the rapid completion of the main structure before the floods, I 
do not recommend this portion of the line being opened for traffic until 
the bridge is finished. 

I shall of course comment further on the bridge itself when I inspect 
it after completion. 

Concluding remarks and recommendations.— Having now, I think, gone 
through all the points noted by Government as specially requiring con- 
sideration, and added such other notes as have occurred to me, I may 
sum up by remarking— 

let.—That the section from Mooltan to Adamwahan is now ready for 
traffic as far as the way and works are concerned, and there is sufficient 
rolling stock for passenger traffic. This then might be opened at once, 
with the proviso that as the line is unfenced, all engines must be pro- 
vided with cow-catchers. 

2nd.—The Sutlej bridge will probably be ready by 15th June, by 
which time it is expected that the remainder of the 40 feet girder bridges 
will also be finished; the signals ready at all stations, and additional 
rolling stock provided, sufficient for a moderate passenger and goods 

412 


NUTES ON FLOODS OF INDUS, ETC. 79 


traffic down to Rohri, but 70 miles of the line will still be quite unbal- 
lasted even on the surface. This cannot be ready in time, as it is neces- 
sary first to complete the protective work round the piers. 

This need not, however, prohibit the opening of the line, but every 
exertion should be used to complete this surface ballasting as fast as 
possible. 

3rd.—Beyond Rohri there is reasonable hope of the line being ready 
for running down to Kotri by 15th June, but I have not inspected that 
portion. 

4th.—Through booking beyond Rohri cannot take place until the 
piers and ferry arrangements are complete, and these should be pushed 
on so as to be ready by the time the line is opened to Kotri. 

Hth.—The advantage of opening by sections so as to train the Traffic 
staff it is needless to comment upon. 
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TRIAL OF FOURACRES’ PATENT AUTOMATIC 
DREDGER. 
{ Vide Plates L, II. and III.] 


By R. B. Bucxuey, Esq., Eeec. Engineer, Eastern Sone Division. 


Tais dredger has now been subject to a carefully conducted trial for ten 
weeks in the Eastern Main Canal for the purpose of practically testing 
its powers, both as regards the quantity of work it can perform, and the 
cost at which it can do it. A Sub-Overseer was especially deputed to 
work the dredger, and to record all the facts necessary to lead to a cor- 
rect judgment on the value of the invention. | 

The particular dredger used was one principally composed of such 
machinery as was available in the Dehree workshop : the actual excavating 
bucket itself, and its immediate fittings, in which the essence of the in- 
vention lies, being, of course, quite new. The dredger was worked by a 
6 horse-power portable engine, which drove a 1} ton crab winch, the 
excavating bucket being swung to a portion of an old travelling crane. 
The accompanying drawings show the general arrangement of the dredger 
itself, and the details of the excavating bucket, which had a capacity 
of 16 cubic feet. The dredger was accompanied by six mud punts, 
which were fitted with removal sides, so that the silt could be easily 
scraped off from the decks, It was found during the trial that this num- 
ber was just sufficient to keep the dredger in full work when the lead, 
from the dredger to the spot where the silt was thrown into the river, 
did not exceed about half a mile. The silt in each punt was levelled off 
and measured before it was discharged into the river. 

The actual cost of the dredger (some allowance being made for the 
fact that the engine and winch were not new) is given by Mr. Fouracres 
at Rs. 6,111, but it is estimated that a dredger specially, and of courae 
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better, constructed, of machinery intended for the purpose, and not merely 
adapted, as in this case, would cost almost Rs. 8,000. Each mud punt 
cost Rs. 4,000. The value then of one of Fouracres’ Patent Dredgers, 
with the necessary number (six) of mud punts, is about Rs. $2,000. 

Mr. Fouracres’ specification describes the action of the Dredger as fol- 
lows :—See Figs. 2,8 and 4. 

‘¢ The main lifting chain, B, is attached to an engine or crab winch 
with suitable crossed and direct straps and Joose pulleys, &c., or any 
suitable arrangement such that the man, who regulates the machinery, 
can wind up or unwinch the chain, or hold it stationary at any moment 
he pleases. The dredger is first lowered into the water, in the posi- 
tion shown in Figs. 2 and 8, by unwinding the main lifting chain, B, 
from the engine while it is being lowered. This chain is, of course, 
tight, as it bears the whole weight of the bucket, the long wooden spear, 
and of the whole movable part of the machine. The strain on the main 
lifting chain tends, of course, to draw the travelling collar, W, upwards 
on spear L. This tightens the closing chains, P, the strain on which, 
acting on the semi-circular angle irons, O at R, tends to close the scoops of 
the bucket. These scoops are only prevented from closing by the catch 
T, which holds the two scoops together at the top and prevents their 
closing. In this manner the bucket descends, the wooden spear C slid- 
ing freely down in its guides, D and K. 

‘When the bucket reaches the bottom, which it generally does with 
somewhat of a blow if the engine be run quickly, the two scoops M are 
pressed upwards as it were. As the strain is thus taken off the catch T, 
it rises by means of the flotation of the ball attached to it, and thus the 
scoops are released and free to close. At this period the stops S come 
into action ; they prevent the scoops from opening more than is just suffi- 
cient to release the catch T. Immediately the catch T is open, the engine- 
man (or the man who is working the winch) reverses the winch and the main 
lifting chain begins to ascend. At this moment, also, the lever G is pulled 
over by the rope attached to it; this jams the spear O tightly in the 
guide E by means of the cam F, The main lifting chain, -as it ascends, 
draws the travelling collar W up the spear L. As this collar W ascends, 
it draws up the closing chains P; these draw the semi-circular angle 
irons O towards the sheaves Q, which are fixed on the spear L, and the 
scoops of the bucket are gradually closed upon the silt or mud; the spear 
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all this time being held fast in the jib head by the cam, and the jib being 
fixed so that it cannot rise, the bucket is compelled to bite into the soil, 
Fig. 4. As soon as the bucket is closed (and this can be told easily 
by a mark on the spear to which the collar X will descend) the lever G 
is released, and the whole apparatus rises to the surface. As the bucket 
rises above the water, the crane A is revolved until the bucket hangs 
over the mud punt, which is moored alongside the dredger. When the 
clutch collar X rises up to the hooks H, the projecting arms push back 
the hooks H, which immediately afterwards, by the action of the coun- 
terbalance weight K, fall back into their old position. As soon as the 
winchman sees that the hooks H have caught the arms of the clutch, 
collar X, he immediately reverses the winding of the main lifting chain. 
The apparatus then descends; but as the clutch collar X is caught by 
the hooks H, the rods Y are placed in tension, the spear and the heavier 
portion of the dredger continue to descend, the scoops M are pulled open 
partly by the weight of the material they themselves contain, partly by 
the weight of the descending parts which press with all their weight 
upon the cross-head of the spear L, and thus tend to press open the 
bucket. When the scoops are widely open, the stops S bear on the 
spear L, and the catch T falls of its own account into position, catching 
the other scoop. 

‘(The dredger is now ready for another lift; the slack of the main 
lifting chain is taken up by the engine, and the weight of the apparatus 
is lifted sufficiently to allow the hooks H to be drawn back by the rope 
which is attached to them. The winch or engine is then reversed and 
the bucket descends again as before. 

‘« The engine (or winch worked up by the engine) has to be reversed 
three times during each lift. J irst, after lifting the apparatus from the 
hooks H, it has to be reversed to lower the bucket; secondly, when the 
bucket reaches the bottom, it has to be reversed to lift it; and thirdly, 
when the bucket is over the mud punt, it has to be reversed to empty 
the bucket.” 

The place selected for the trial of the dredger was the head of the 
Eastern Main Canal at Baroon; for this length the channel has a base 
of 180 feet narrowed suddenly at the 26th chain to 80 feet. This por- 
tion had silted up to an average depth of 24 feet, there being 1,00,000 
cubic feet in the first 26 chains. In some places there was as much as 
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four feet of silt, the water being so shallow that the float of the bucket 
was occasionally not sufficiently immersed to act; this, and the fact that 
the mud punts often went aground while they were being loaded, caused 
occasional delay, but the difficulty was eventually overcome by closing 
the head sluices entirely during the night, so that, without increasing 
the total discharge of the canal, it was possible to raise the level of the 
water at the head during the day. During the first few days the dredger 
was employed on clearing out the lock channel, which was but slightly 
silted up, and then the dredger was put steadily to work to clear out a 
channel, about 50 feet broad, as shown by the dotted lines. The silt 
excavated was discharged into the river near the island, in such a posi- 
tion that it would be all cleared away through the under-sluices of the 
weir in the next flood. 

The dredger was first started (in the narrow lock channel) with the 
regulating apparatus designed by Mr. Fouracres, who describes it as 
follows :—*‘ The dredger boat is secured in position as shown in the plan, 
Fig. 5, by a T strut, the base of which rests on the bank, has two loops 
fixed on it through which iron pins are driven into the bank; the other 
end of the strut has an eye attached to it which works on a pivot fixed 
to the stern of the boat, and thereby enables the boat to move in an are, 
of which the pivot is the centre. To the bow of the boat (the end where 
the excavator works) is attached a piece of quartering, working similarly 
to the strut, viz., ona pivot, and of a length sufficient to enable the bow 
of the boat to be moved to a few feet beyond the half width of the canal. 
This piece of quartering is, for convenience sake, marked into divisions 
(four feet in the present case) equal to the size of the excavator when 
fully opened. After the excavator has taken its first bite the boat is 
shoved off the distance of one of these divisions, and ready for the ex- 
cavator to descend and take its second bite, and so on until the canal is 
cleared to its half width; if in passing over the first time the dredger 
does not excavate the full depth required, it can be worked in a similar 
manner back again; but if the desired depth is obtained after the first 
are is travelled over, the T strut and quartering pieces are moved either 
up or down stream, as may be desired, a distance equal to the breadth of 
the excavator (2 feet 6 inches in this case), and the dredger travels over 
an arc parallel to, and ata distance from, the former equal to the breadth 
of the excavator. The moving of the dredger, as above described, 
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is effected by men placed on the bank with a light two-fold block and a 
2-inch rope attached to it, one end to a leg on the bank, and the other 
to the quartering or pole. This system entirely dispenses with chains or 
anchors, and has found to answer the purpose admirably. The success- 
fal and economical working of the dredger greatly depends on having 
good, sharp men to move the dredger backwards and forwards.” 

This arrangement, though perhaps suitable in some places, as for in- 
stance if it were required to clear out a channel 40 or 50 feet wide near 
the edge of a wide channel where the T strut could be conveniently at- 
tached to the bank, is not good for a wide canal, like the Hastern Main 
Canal of 180 feet base, nor is it even applicable for clearing out a chan- 
nel as was done at the trial. Indeed, it appears doubtful whether a well- 
arranged system of anchors is not in all cases preferable, except perhaps 
where there is very heavy traffic, for this system has the advantage of 
leaving one side of the canal entirely open for boats. The T strut is 
cumbersome, and three or four men are required to push in and out of 
the regulating bar. This plan of regulating the dredger was then aban- 
doned, as soon as the excavation of the 50-feet channel was commenced 
and the following arrangement was adopted:—A small gipsy winch (A 
in Fig. 6) was fitted on two uprights to the edge of the dredger; a 
sinall capstan would have been more suitable, as the regulating chain B 
would not have jammed on a capstan in the same way as it did on the 
winch. A man stationed at this winch A was able easily to regulate the 
movements of the dredger, causing it to oscillate in the are C, D. The 
two anchors attached by 4-inch chains to a bollard on the stern of the 
dredger kept the point E very nearly stationary; the action of the cur- 
rent tended, of course, to keep the anchor chains tight. Occasionally, 
as the stream varied, the dredger would perhaps float slightly out of its 
proper course, in which case the bucket would come up very nearly 
empty; but this did not occur very frequently. When the dredger had 
worked up to the point C, the anchor chains were slackened by about 2 
feet 6 inches (the width of the bucket); the winchman then reversed 
his winch, and gradually brought the dredger back to the point D; some 
care is necessary in thus regulating the dredger; when it is found that 
the bucket comes up with the silt piled up above the top of the bucket, 
the winchman should allow the bucket to take another bite at the same 
spot, or the channel will not be entirely cleaned out. When the dredger 
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had worked up to the point D, the anchor chains were again slackened 
by 24 feet, the gipsy winch was reversed, and the dredger ate her way 
back again to the point C, and so on continually. Occasionally, when 
the anchor chains became long, and the dredger was perhaps somewhat 
swept off her course by the action of the current, or when the anchor 
chains had been slackened by more than the width of the bucket, a ridge 
of silt would be left; but, as a general rule, the channel was very fairly 
cleaned. 

Some difficulty was at first found in managing the mud punt in the 
stream; the silt came up generally so dry and hard that it was neces- 
sary to move the punt frequently, so that the silt might be deposited 
all over the punt; in order to regulate the movements of the punts, 
iron hooks were fastened about 6 or 8 feet apart all along the side of 
the punt, and small wooden stanchions were fixed at about corresponding 
intervals on the side of the dredger; two ropes were hooked on to the 
mud punt, as occasion might require, and the coolies, by loosening or 
hawling on these, were easily able to regulate the position of the punt. 
Another rope stretched right across the stream was used, both to keep 
the stern of the mud punt in any required position, when she protruded 
a long way beyond the nose of the dredger, and thus was not fully under 
the command of the coolies on the dredger, and it was also used as a 
means by which the empty punt was hauled across the stream to the 
dredger, as soon as the former one was full. Two pair of bullocks towed 
the full punts up to the lock and brought back the empty one. 

The silt excavated varied from pure sand to soft black mud; the 
heavier particlee, ¢.¢., the sand, were of course deposited near the head 
sluice; the silt gradually became less and less sandy and more and more 
muddy the further the dredger worked from the sluices. One of the 
greatest advantages of this dredger is that it brings up the silt quite dry 
and hard; the greater portion of the silt which has been excavated dur- 
ing the present trial could have been at once carried away on coolies’ 
heads in baskets‘if necessary. It is also remarkable how little the dred- 
ger stirs up the mud in the canal; it works most cleanly, taking its bite 
without disturbing the silt near it; in this respect it 1s much superior to 
other dredgers. The leather valve in the bucket acted capitally; when- 
ever the bucket came up at all empty most of the surplus water fell out 
into the canal before the crane had revolved over the mud punt. It 
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was noticed that in the pure sand the bucket frequently came up only 
half full, but that in the mud it frequently brought up as much as 
20 cubic feet; the bucket will not bite fully into hard sand, as at pre- 
sent constructed, for the spear rises even though the lever be most 
tightly pressed against it. Mr. Fouracres proposes to attach a rack to 
the spear, so that it will be impossible for it to slide in the jib-head. 
The full capacity of the bucket is 16 cubic feet; but on the average 
it only brings up 12 cubic feet each lift; this is due partly to bad 
regulation of the dredger, partly to sand being hard to cut, and partly 
to the fact that if the bed is thoroughly cleaned out it is not always 
possible to give the bucket a full bite. An average of 454 buckets 
can be lifted per hour, and the average quantity excavated per working 
day has been 3,691 cubic feet. The greatest quantity ever done in one 
working day of 94 hours was 4,647 cubic feet. In ten weeks 210,132 
cubic feet have been excavated. 

The following establishment was employed in working the dredger and 


regulating the mud punt :— 
Labour. 








No. Description. Rate, | Amount, 











RS. A. |RBS. A. P. 


1] Driver, ee 4 0;0 40 | Driving the engine, 

1 | Winchman,.. ee 40/0 40 Ditto winch. 

1 | Fireman, .. ee 8 0/0 30} Firing the engine, 

1 | Jibman,.- a 8 010 80 | Working the hook and lever of the 

crane, 

1 | Gipsy winchman, .. 2 610 26 | Regulating the dredger. 

6 | Coolies, .. ee 2 6|0 15 0 | Moving mnd punt. 

2 | Wood-cutters, oe 2 6/0 50 | Cutting wood. 

1 | Boat, with manjee, 5 0|0 50 | Taking off men and firewood to the 
dredger, and carrying tow rope to 
mud punt, 

Extra allowance, .. ee 0 6 0 | Allowance of 14 annas per 1,000 feet 
made to men for each 1,000 cubic 





feet in excess of first 2,000 feet. 








| oe 215 6 
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The following were the principal materials consumed each day : 








Materials. 
Kind. | Weight. | Rate. | Amount. 

RS. A. P. RS. A, P. 

Fire-wood, oe os ee mds, 11 02 0 1 6 0 
Castor-oil,  .. oe os «» — Ibs. 2 0 8 2 06 4 
Grease, .. ee ee ee we re 1 0 3 4 0 8 4 
Jute, i ee ee ee se 99 l 1 6 0 0 1 6 
Total Materials, a os ee 21 2 


The following establishment was kept up for hauling the mud into 
the river :— 








No. Labour. | Rate. Amount. 
RS. A. P. RS, A. P. 

2 Bullocks, ee oe ) os oe ee oe 5 0 0 0 10 0 
2 Mullahs, .. ee oo oe oe ee 2 6 0 0 5 0 
10 Coolies, ees ee ee ee ee ae 2 0 0 1 4 0 
8 | Ditto, ee ee ee ee ee ee 1 6 0 0 12 0 


| Total Rs., oe oe 215 0 





An accurate daily account was kept of all expenditure, all materials used 
were carefully weighed, the time taken in loading each barge was taken 
by the Sub-Overseer, one of the lascars was appointed to count the num- 
ber of buckets lifted. The accompanying Tabulated Statement shows the 
results of the ten weeks’ trial. A total quantity of 210,182 cubic feet 
have been excavated and discharged into the river, with an average lead 
of about 1,800 feet, at a cost of Rs. 2-4-3 per 1,000 cubic feet. The 
average cost per 1,000 cubic feet of the silt delivered into the punt has 
been Rs. 1-6-8, and the average cost per 1,000 cubic feet of hauling the 
punts to the river and discharging them has been Re. 0-13-7. The cost 
here given is of course only the actual working charges, independent of 
repairs and interest of the original cost of machinery. 

The original cost of one of Fouracres’ Patent Dredgers of six 
horse-power, together with six mud punts, is about Rs, 82,000, allowing 
15 per cent. for interest and depreciation, and 5 per cent. for repairs. 
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The yearly charge for these items amounts to Rs. 6,400, or say Re. 22 
per working day, or about Rs. 6 per 1,000 cubic feet. The full cost then 
of dredging by this dredger is per 1,000 cubic feet— 


RS. A. P 
Repairs, interest and depreciation, 6 0 0 
Working charges, ai 2 4 0 





Total Rs, ... 8 4 0 





The cost of excavating silt from this same canal by hard labour, after 
the canal was run dry, was in 1877 Rs. 5-8-0 per 1,000, and in 1878 
Rs. 6-4-0 per 1,000. The silt was all carried to the top of the large 
spoil banks. The cost of clearing the canal in this way must, of course, 
yearly increase, as the spoil banks become larger and larger. 

The actual cost of one of an ordinary ladder and bucket dredger of 15 
horse-power is about Rs. 53,600; these dredgers are supposed to exca- 
vate 4,000 cubic fect of silt per hour; but it has been found by the Exec- 
utive Engineer of the Midnapore Canal that, under the most favourable 
circumstances, the actual performance does not exceed 2,000 cubic feet 
per hour. The working expenses of these dredgers in the Midnapore 
Canal amounted, in 1875-76, to Rs. 10-12-0 per 1,000 cubic feet, the 
lead was longer by about one-fourth mile than was the case at the trial 
of Fouracres’ Patent Dredger. If one of these dredgers worked under 
the most favourable circumstances, she could excavate about 12,000 cubic 
feet per day, and would require from 20 to 24 mud punts, costing about 
Rs. 80,000 to keep her in full work, making the full cost of dredger and 
punts Rs. 1,34,000. Taking 15 per cent. for interest and depreciation, 
and 5 per cent. for repairs, the yearly charge of these items amounts to 
Rs. 26,800, or say Rs. 90 per working day, or Rs. 7-8-0 per 1,000 cubic 
feet. The cost of dredging by the ordinary ladder and bucket dredger 
per 1,000 cubic feet is— 


& 
> 


A. PP. 
0 
0 


Repairs, depreciation and interest, 


Working expenses, eee eee eee eee 1 ] 


on 
bt @ 





Total Rs. ... 18 4 0° 


It is more than probable that the working expenses of these dredgers 
might be reduced below Rs. 10-12-0 per 1,000 under favourable circum- 
stances; but the dredgers, working in the Midnapore Canal, have never 
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worked for less than that, and latterly have cost Rs, 13-11-0 per 1,000 
cubic feet. The great wear upon the links and pins of the ladder 
and bucket dredger soon causes the chain of buckets to sag down, the 
buckets then foul the edge of the well unless the beam is raised, which, 
of course, reduces the depth to which the dredger can cut; there is often 
difficulty also in getting the buckets of the ladder dredger to empty them- 
selves if the silt is at all stiff. Concerning this difficulty, the Executive 
Engineer of Midnapore Canal (Mr. Apjohn) writes: “ The sandy silt 
could not be miade to come out of her buckets until they had so far pass- 
ed the vertical that it would not fall into the shoot, consequently we had 
to allow it to fall on the deck, and shoved it into the mud barge along- 
side. Of course, this reduced the dredging power to a minimum, and I 
think that 3,000 cubic feet per day, the best that was ever yet got out 
of her, also the resistance of the hard silt, was so great that her level 
gearing was always breaking its teeth in the effects to force the buckets 
throngh. Altogether, for canal work, I condemn the bucket dredger.” 

Fouracres’ Patent Dredger appears admirably adapted to excavate 
silt from canals. One of its greatest advantages for India is that it can 
be readily constructed from machines—a portable engine, a crab winch, 
and a crane of any kind—that are generally available on any large works 
in this country. It is very simple, easily managed by natives, and the 
working parts are so simple and light, that they can easily be repaired by 
any intelligent fitter. The cost of working is much less than that of 
other dredgers, and even including the charges for depreciation, interest 
and repairs, the cost of the work done does not largely exceed that of 
hand labour when the canalis dry. Three of these dredgers in the Patna 
Canal (833 miles in length) would probably, if kept constantly at work, 
keep the canal clear of silt, and obviate the necessity of closing the canal 
yearly for the purpose of clearing it out. It is difficult to exaggerate the 
immense advantage this would be. 


6th February, 1879. 
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Abstract showing the weekly cost of working Fouracres’ Patent Dredger. 





AVERAGE OF EACH WEEK. TOTAL OF EACH WEEK. 
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P.S.—8ince the above was written Mr. Fouracres has attached to one 
of his dredgers the rack referred to in page 42 1 of the report. The rack 
is attached to the spear of the dredger, and is so constructed that the 
cam of the lever retains the spear fixed in the jib-head while the scoops 
are cutting; the spear therefore cannot rise, and the scoops are compelled 
to take their full bite. This arrangement acts well. It has been working 
this morning in pure sand. The bucket came up nearly full each time, 
whereas without the rack only about half a bucketful was raised. The 
dredger now acts capitally in pure sand. The rack is so arranged that 
if any very great resistance, such as a large stone or log of timber, be 
met with, the cam jumps out of the rack without damage being done to 
any of the working parts. 


DEHREE: R. LB. B. 
27th February, 1879. 
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